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INTRODUCTION 


In an earlier article the writers (7) * have discussed the inhibiting 
effect of carbon dioxide on the growth of fruit-rotting fungi and its 
retarding effect on the ripening processes of fruits and vegetables in 
storage. The present paper supplements the previous one by present- 
ing the results of chemical analyses of fruits and vegetables treated 
with carbon dioxide. 


WORK OF OTHER INVESTIGATORS 


Many investigators have studied the chemical changes that take 
place in fruits and vegetables after harvest and during storage. 
Boswell (5) has shown that in the ripening processes of pea seeds there 
occurs a rapid decrease in the percentage of sugar and soluble nitrog- 
enous substances and an increase in starch, total acid-hydrolyzable 
substances, and insoluble nitrogen compounds (largely proteins). 
He adds that these changes are so rapid that a slight delay in harvest- 


ing results in markedly low quality, and that high sugar and low 
starch content in young peas is essential for high quality. 

Jones and Bisson (8a) found that at 0° C. no important changes 
occur in the carbohydrate content of freshly harvested peas. At 
temperatures above 0° there is a loss in percentage of the more mobile 
carbohydrates and an increase in percentage of the more stable 
carbohydrates. These changes appeared to occur most rapidly at 
25°, and more rapidly in shelled than in unshelled peas. 

Kertesz (8b) reported that changes in the chemical composition of 
green peas begin immediately after shelling. Important among these 
changes are loss of sucrose and increase in alcohol-insoluble residue. 

A number of investigators have studied the rapid depletion of sugar 
in green sweet corn after its removal from the stalk. That sweet 
corn loses a large percentage of its sugar content after removal, espe- 
cially at summer temperatures, has been demonstrated by Straughn 
(11), Straughn and Church (12), Stevens and Higgins (10), Appleman 
and Arthur (/), and others. Appleman and Arthur found that the 
depletion of sugar does not proceed at a uniform rate but is more rapid 
at first and slows down as it approaches equilibrium, which is reached 
at the point where about 62 per cent of the total sugar and about 70 
per cent of the sucrose have been lost. They state that in general 
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the rate of loss is doubled for every 10 degrees’ increase in temper- 
ature between 10° and 30° C. until it reaches 50 per cent of the 
initial total sugar and 60 per cent of sucrose. 

Sweet cherries have been studied by Hartman and Bullis (8), who 
report that in ripening there is an increase in the sugar and solid 
content of the fruit, a decrease in acidity and astringency, and an 
increase in specific gravity of both the fruit and fruit juice. Except for 
loss of weight and volume, there were no striking chemical or physio- 
logical changes in the fruit immediately after removal from the tree. 

Bigelow and Gore (4) conducted studies on the after-harvest changes 
in ‘“‘market-ripe”’ peaches at three different storage temperatures, 
They divided the actual daily loss in grams of the substance per 
peach by the solid matter in the flesh at the beginning of storage. 
Averaging the results of several varieties, they found a loss of ‘‘marc,” 
acids, and sucrose at each temperature and in general an increase of 
reducing sugars. 

Appleman and Conrad (2), in studies of the pectic constituents of 
peaches, showed that the conversion of protopectin to pectin could be 
greatly retarded at low temperatures. 

Kidd and West (9) reported that an atmosphere of 5 to 15 per cent 
©, combined with 10 to 15 per cent CO, about doubles the storage 
life of apples so long as the temperature is above that associated with 
low-temperature injury, and that the rate of loss of sugars was about 
halved under optimum gas-storage conditions as compared with stor- 
age in air at the same temperature. 

Recently Thornton (/3) reported on the tolerance of fruits, vege- 
tables, and flowers to CO, and discussed the use of the gas for retard- 
ing the ripening of bananas and for removing the astringency of pears. 


EXPERIMENTAL PROCEDURE 
MATERIAL AND TREATMENT 


In the present work the fruits and vegetables were treated with 
various percentages of CO, for certain periods of time. Comparable 
material was placed at each of the temperatures 0°, 5°, 10°, 15°, and 
20° C. In some of the experiments a temperature range of 5°, 10°, 
15°, 20°, and 25° was substituted. Constant temperatures were 
maintained by means of the chambers employed by Brooks and 
Cooley (6). There were two lots at each temperature, one receiving 
the CO, treatment and the other not treated and therefore considere d 
as a control. The treated lots were placed in 9-liter glass jars, the 
ground-glass covers of which had been replaced by -hole metal 
covers sealed with plasticine. The controls were held in glass moist 
chambers or similar 9-liter glass jars without stoppers. 

A constant percentage of carbon dioxide was maintained in the 
test chambers by means of a continuous renewal of the storage air. 
The desired concentration of CO, was obtained by mixing ordinary 
laboratory air with CO,. By means of water displacement the gaseous 
mixture was driven through copper tubing into the experimental jars 
in the constant-temperature chambers. The gas was passed through 
coils of copper tubing within the chambers before entering the jars 
in order to bring it to the same temperature as the fruit in the jars. 
By means of a pinch clamp the rate of flow of the gas was so regulated 
as to permit about 90 gallons of gas to pass through in a period of 24 
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hours. At the beginning of each experiment the gas was first bubbled 
through very rapidly until the atmosphere surrounding the fruit had 
attained the desired concentration of CO,. The exact concentration of 
CO, employed in the experiment was determined by means of an 
Orsat gas apparatus, the percentage usually falling a little below the 
theoretical. 

Peas, sweet corn, peaches, and cherries were used for the experi- 
ments. Alaska, Gradus, and Nott Excelsior peas were obtained from 
the Arlington Experiment Farm, Rosslyn, Va., near Washington, 
D.C. Sutton Perfection peas, grown at Mountain Lake Park, Md., 
were brought to Washington under “top icing.’ A recording ther- 
mometer in the pack indicated that the temperature was about 0° C. 
while the peas were in transit. Cherries and peaches were procured 
from the open market, the peaches being in what was apparently the 
“market ripe” stage of maturity. The sweet corn was obtained 
either from the Arlington farm or from Falls Church, Va., and was 
harvested early in the morning and quickly brought to the laboratory. 

The amount of material employed for each lot was 250 g of 
peas in pod, 100 g of cherries, 10 to 15 peaches, and 4 half ears of 
corn in the “milk” stage. The ears of corn were cut in half trans- 
versely, and one half ear with husk was placed in the CO, lot and the 
other half in the control. Thus each lot contained the halves of four 
different ears. Alternate ears were reversed in order that each lot 
might receive first the tip half and then the butt half. 

When the treatment extended over a period of from three to six 
days samples were removed every 24 or 48 hours. In these instances 
ag a kilogram of peas and 10 ears of corn were employed for each 
ot. 


SAMPLING 


At the end of the CO, treatment the lots were removed, tested for 
flavor, and preserved for subsequent moisture and carbohydrate 
determinations. 

For moisture samples, 3 to 5 g of macerated peas or corn and 5 to 
10 g of peaches or cherries were placed in a weighing bottle, weighed, 
covered with 10 ¢ ¢ of absolute alochol, and dried to constant weight 
at 70° to 80° C. in a vacuum equal to 25 inches of mercury. 

The material for the carbohydrate analyses was preserved in alcohol. 
The peas were hulled and sampled whole, the cherries were pitted and 
sliced, the peaches were peeled, pitted, and ground in a food grinder, 
and two to four rows of sweet-corn kernels were completely removed 
from each ear by means of a sharp scalpel. The fresh material was 
dropped into a counterpoised Kohlrausch flask containing 0.25 g of 
CaCO , weighed on a torsion balance, and covered with sufficient hot 
95 per cent alcohol to make the final mixture 80 per cent. The 
samples were boiled on a water bath for from three to five minutes. 
Duplicate samples contained 20 g of peas, 40 g of cherries, 20 or 40 
g of peaches, and 16 or 20 g of corn. 


CHEMICAL ANALYSES 


Sugar was extracted from the sweet-corn samples either by the 
method of Appleman and Arthur (/) or in accordance with the recom- 
mendations of the Association of Official Agricultural Chemists (3). 
When the extract was cooled to 20° C. the volume was made up to 200 
¢ ¢, filtered, and 150 ¢ ¢ was withdrawn for analyses. 
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With peaches and cherries the supernatant alcohol was decanted 
off and the sample given three 30-minute refluxings with 80 per cent 
alcohol. Peas were extracted in the same manner, except that they 
were ground in a mortar before refluxing. The alcoholic extract of 
peas, cherries, and peaches was made up to a volume of 500 ¢ c. 

The alcoholic aliquots from all samples were evaporated down 
on a water bath, the aleohol being replaced with distilled water, 
When cooled again the aqueous solution was transferred to 200 ¢ ¢ 
flasks, clarified with neutral lead acetate, and the excess lead removed 
by means of sodium carbonate or potassium oxalate. The volume 
was made up to 200 ¢ c, and reducing sugars were determined by 
the Munson and Walker method. Aliquots of 50 ¢ ¢ were reserved 
for total sugars. In some experiments the total sugar was determined 
as reducing sugar after inversion with hydrochloric acid and neutrali- 
zation with sodium carbonate. In other experiments the inversion 
was made by a commercial preparation of invertase and reported 
aus sucrose. In either case the results were computed as sucrose. 
Total sugar reported for peaches and sweet corn represents the sum 
of reducing sugar and sucrose. In peas only traces of reducing 
sugar were found, and in cherries only traces of sucrose. 

The sugar-free residues were retained for determination of acid- 
hydrolyzable polysaccharides. (Completeness of sugar extraction 
was determined by the alpha-naphthol test.) The dried sample 
was placed in a Kjeldahl flask containing 200 ¢ ¢ of distilled water 
and 20 ¢ ¢ of dilute hydrochloric acid (specific gravity 1.125) and 
hydrolyzed for three hours in a water bath. The solution was 
neutralized with sodium carbonate, and reducing substances were 
determined by the Munson and Walker method. The results were 
computed as starch and reported as acid-hydrolyzable polysaccharides. 


RESULTS 
PEAS 
The effect of the treatment with CO, on the carbohydrate content 
of Alaska and Sutton Perfection peas is shown in Table 1. 
TABLE 1.—Total sugar and acid-hydrolyzable polysaccharides in peas treated 
with CO» 
[Expressed as percentage of fresh weight] 


Acid-hydrolyz- 
Treatment Total sugar able 
polysaccharides 








Variety 
: In In r In 
CO» Temperature (°C.) and time | treated control treated eontrél 
product product 
Per 
cent 
25°, 1 day 4.6 2. 6 5.9 8.7 
20°, 1 day 4.3 3.0 6.5 8.3 
Alaska 44 415°, 1 day 4.7 3. 1 7.0 8.3 
10° 2 days 4.2 3.1 6.7 8.1 
5°, 2 days 4.3 4.2 6.9 7.7 
20°, 1 day 5.8 4.9 9 4.2 
| °, 1 day 5.9 5. 6 6 3.2 
Sutton Perfection 42 |{10°, 1 day 5 3.3 
‘ 2.6 
3 
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With both varieties the CO, treatment resulted in the retention 
of a higher percentage of total sugar and a lower percentage of 
polysaccharides at all but the lower temperatures. The difference 
between the treated and control lots is much more pronounced with 
the Alaska peas than with the Sutton Perfection. A possible explana- 
tion of this may be found in the fact that in 1930 this section of the 
country experienced the worst drought on record, the effects of 
which were not so evident when the Alaska peas were harvested as 
later when the Sutton Perfection peas were ripe. In the case of the 
Alaska peas it will be observed that the treated lots at 10°, 15°, and 
20° C. retained 35, 51, 
and 43 per cent more 
total sugar, respec- 
tively, than did the 
controls at these tem- 
peratures. At 25° 
there was 76 per cent 
more sugar in the treat- 
ed lots than in the con- 
trols. 

With the Sutton 
Perfection peas the 
treated lots at 10° and 
15° each contained 5 
per cent more sugar 
than the controls, and 
at 20° there was 18 2} 
per cent more sugar 
in the treated lots 
than in the controls. = -~ 

The results for the . -” stead = 
‘ y AMOUR S 
Gradus and Nott Ex- FIGURE 1.—Effect of exposure to 47 per cent CQO: on sucrose in 
celsior peas appear in eng eyed hy various temperatures, (Solid lines, treated; 
Figures 1 and 2, re- . 
spectively. Both treated and control lots at 5°, 15°, and 25° were 
compared with a control at 0° C. 

The excess of sucrose in the treated lots over the controls is most 
pronounced at 25° and 15° C. and is more marked as the time element 
increases. At the end of two days the treated Gradus peas at 15° 
contained over 10 per cent more sugar than did the controls at the 
end of the same period. During this time Nott Excelsior peas at 
15° contained over 20 per cent more sugar than the controls. The 
contrast in the case of the Gradus peas was much more pronounced 
for the 3-day treatment. At the end of three days the flavor of the 
Nott Excelsior peas at 15° and 25° was objectionable. The low 
temperature of 5° appeared as effective as the CO, treatment in 
retaining the sucrose in the peas. 


svceosée (AER CENT) 
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SWEET CORN 


The results of the CO, treatment upon the sugar content of Stowell 
Evergreen sweet corn will be found in Table 2. 
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TABLE 2.—Total sugar in Stowell Evergreen sweet corn treated with CO, 


[Expressed as percentage of fresh weight] 


35 per cent CO: | 45 per cent Oo 

Temperature (° C.) and time of treatment : — 
Treated|Control/ Treated) Control 

20°, 1 day... 3.7 3.1 4.1 3.1 
15°, 1 day 3.3 3.2 4.3 3.7 
10°, 1 day 3.8 3.4 4.2 3.7 
5°, 2 days 4.5 4.2 4.3 4.1 
0°, 2 days 4.8 5.2 5.3 4.6 


It will be noted that with 45 per cent CO, the treated lots at all 
temperatures retained a higher percentage of total sugar than did 
the controls, the contrast being 
| greater at the higher temperatures. 
| The sweet corn treated at 20° C. 
cx _} contained about 30 per cent more 
| sugar than the untreated lot at 
the same temperature, whereas at 
15° and 10° the treated lots con- 
tained over 10 per cent more sugar 
than the untreated lots. The effect 
of 35 per cent CO, on sweet corn 
was similar to, though not so great 
as, that of 45 per cent CQ). 

The results for the Early Ever- 
| green and Golden Bantam sweet 
\ ‘\} corn appear in Figures 3 and 4, 
‘ respectively. 

\ | In contrast to the results for 
peas, the effect of CO, on the sugar 
content of sweet corn was less pro- 
| a | nounced at 25° C. than at the 

2 3 * lower temperatures. This is espe- 
OAKS ° ‘ 
iin tibial cially true for Golden Bantam 
on sucrose in Gradus peas at various tempera- COIN. The general effect of the 
une), Solid lines, treated; broken lines, con- ©), on both varieties was to retard 

the sugar loss during the storage 
period. In the results for Early Evergreen sweet corn in Figure 
3 it is interesting to note the grouping of the curves for the second 
day. Apparently the CO, treatment was equivalent to a 10-degree 
drop in temperature for the 25° and 15° lots and a 5-degree drop 
for the 5° lot. 

In the Golden Bantam variety the CO, was ineffective in retarding 
the loss of sugar at 25° C. At 15°, however, there was over 20 per 
cent more total sugar in the treated than in the untreated lots for 
the first and second days. On the third day the sugar in the treated 
lot had dropped to the level of the control. At 5° the treated lots 
contained over 20 per cent more total sugar than the controls for 
two, four, and six days, but the corn had begun to lose its palatability 
on the sixth day. 
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PEACHES AND CHERRIES 






In Table 3 will be found the results of CO, treatment of sour 
cherries, sweet cherries (Bing variety), and Belle peaches. The 
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OQAYS FREATEO 
FIGURE 3.—Effect of exposure to 43 per cent CO on total sugar in 
Early Evergreen sweet corn at various temperatures. (Solid lines, 
treated; broken lines, controls) 


sour cherries received 45 per cent CO, for 2 and 4 days; the sweet 
cherries 44 per cent CO, for 2 and 3 days; and the peaches 35, 
43, 44, and 47 per cent CO, for 1 and 2 days. The variation in 
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FIGURE 4.—Effect of exposure to 49 per cent CO: on total sugar in 
Golden Bantam sweet corn at various temperatures. (Solid lines, 
treated; broken lines, controls) 


the results with these different percentages of CO, on the peaches 
was very slight, and they have been averaged for the reader’s 
convenience. 
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TABLE 3.—Reducing sugar, total sugar, and acid-hydrolyzable polysaccharides in 
cherries and peaches treated with CO», 


{Expressed as percentage of fresh weight] 


Acid-hydrolyz 


Treatment Reducing sugar; Total sugar able polys 
charides 
Fruit 
. Temperature (° C In con- In In con- In In con- 
CO. and time treated trols treated trols treated tro zs 
: product product product ' 
| ; 
Per cent 
20°, 2 days 7.5 6.9 0. 62 17 
(li 2 days. 7.5 7.3 53 69 
Sour cherries 10°, 2 days 6.5 a 63 60 
” [Ise 4 days 6.5 7.8 54 14 
2°, 4¢ lays 7.2 7.2 55 59 
20°, 2 days 12.0 *13.2 . 68 SS 
Sweet cherries (Bing mt 5°, 2 days 13.6 12.2 78 82 
variety) 10°, 2 days 13.0 12.4 82 M4 
Bs 3 days 1] 12.2 73 75 
0°, 3« lays 11.5 11.8 65 68 
20° , 1 day 2.2 2.2 6.7 7.1 S4 SY 
[Is ol day 2.2 2.3 6.3 6.3 1. 06 ) 
Peaches (Belle) 4 §-47 2 days 2.0 2.4 5.8 7.3 83 a8 
ls: ’ 2 days 2.2 2.2 7.3 6.8 RS 1.01 
0°, 2 days 2.2 2.0 7.1 7.0 80 78 


* Average of four experiments in which the percentage of gas was 35, 43, 44, and 47, respectively 


Apparently the CO, produced no effect upon the carbohydrate 
content of the peaches and cherries. The percentage of sugar and 
acid-hydrolyzable polysaccharides remained practically constant 
for both lots at all temperatures with the sour cherries, sweet cherries, 
and peaches. 

DISCUSSION 


The fact that there were no significant effects on carbohydrate 
transformation in the cherries and peaches as a result of the CO, 
treatment may help to answer a question frequently asked concerning 
the effect of CO, on fresh fruits. In a previous paper (7) reference 
was made to the deleterious effect of too great a concentration of 
CO, on the flavor of certain fruits such as peaches, strawberries, and 
raspberries. The question naturally arises as to whether the actual 
food value is also affected. From the evidence presented, the carbo- 
hydrate content of peaches and cherries appears to undergo no signifi- 
cant change from the CO, treatment given them. It should be re- 
called that the after-harvest behavior of peaches and cherries is very 
different from that of seeds like peas and corn. In other words, fruits 
are not converting their sugar to starch after harvesting, as is the 
case with peas and corn, and the amount of sugar consumed in respira- 
tion does not seem to be influenced by the CO, treatment. With the 
fresh fruits the CO, serves its purpose by keeping them firmer for a 
longer time than would be the case with storage in air. 

By far the most pronounced effect of CO, on carbohydrate content 
was noted with peas and corn. It is common knowledge that these 
vegetables rapidly lose their palatability after being harvested, es- 
pecially if held at summer temperatures, and this loss of flavor is 
largely the result of the conversion of sugar to polysaccharides. 

The results of this work indicate that the conversion of sugar to 
starch in peas and corn can be considerably retarded by treatment 
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with CO, of the proper concentration. The greatest effect on peas 
was noticed at temperatures of 15°, 20°, and "25° C. At 5° and 0° 
the effect was not marked. Treated Sutton Perfection peas at 20° 
were 18 per cent higher, and Alaska peas at 25° were 76 per cent higher 
in total sugar than were the controls. The results for the Nott Ex- 
celsior and Gradus peas were similar though not so pronounced. 

With all of the sweet corn except Golden Bantam the proper con- 
centration of CO, retarded the sugar loss at all temperatures em- 
ployed. In contrast to the results with peas, the effect of CO, on 
sweet corn was even more pronounced at the lower temperatures. 
In the experiments on Early Evergreen and Golden Bantam the 
carbohydrate changes could be easily followed by means of the con- 
secutive sampling of the same lot. 

At the time of sampling, the fruits and vegetables were tested for 
flavor. In all the peaches treated with CO, at 15° and 20° C. there 
was noticed a distinctly overripe flavor; those at 10° were generally 
questionable or on the border line, whereas at 5° and 0° no effect was 
noticed. Cherries were generally unaffected by the CO, treatment. 

Data on the effect of CO, on the flavor of peas and corn were ob- 
tained by the continual exposure to the gas indicated in Figures 1-4. 
Forty-seven per cent CO, for 2 days did not affect the flavor of Nott 
Excelsior peas held at 5°, 15°, and 25° C. By the end of 3 days the 
15° and 25° lots were objectionable in flavor, but those at 5° were 
still satisfactory. The Gradus peas at 25° endured 44 per cent CO, 
for 2 days and those at 15° for 3 days without any noticeable effect 
on flavor. The flavor of the 25° lot was objectionable at the end of 
3 days and that of the 15° lot by 4 days of treatment. The 5° lot 
was satisfactory in regard to flavor by the end of 4 days. 

The treatment of the Alaska and Sutton Perfection peas was not 
continued long enough to obtain data on the effect on flavor. 

The Early Evergreen sweet corn reacted similarly to peas under 
the CO, treatment, but the Golden Bantam variety proved a little 
more sensitive. Both varieties endured the CO, treatment (43 to 49 
per cent) at 5° C. for 5 days without impairment of flavor. The flavor 
of the Early Evergreen corn at 5° was questionable at the end of 6 
days. The Golden Bantam corn could not be sampled after the fifth 
day because of insufficient amount of material offered by the normally 
small ears. The 25° lots of Early Evergreen corn withstood the CO, 
treatment for 2 days and the 15° lot for 3 days without loss of palata- 
bility. With the Golden Bantam the limit of treatment was 1 day 
at 25° and 2 days at 15°. 

The treatment of the Stowell Evergreen sweet corn was not con- 
tinued long enough to obtain data on effect on flavor. 


SUMMARY 


Peaches, cherries, sweet corn, and garden peas were treated with 
carbon dioxide gas at different temperatures for periods of one to 
six days and subsequently analyzed for sugars and acid-hydrolyzable 
polysaccharides. 

The temperatures employed were 0°, 5°, 10°, 15°, 20°, and 25° C. 
Treatment at the higher temperatures was usually. for one to three 
vs, and that at the lower temperatures was usually from two to 
six days. 
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No significant difference in percentage of reducing sugar, total 
sugar, or acid-hydrolyzable polysaccharides was observed when sour 
cherries, sweet cherries, and Belle peaches were treated with CO, in 
concentrations of from 35 to 47 per cent. 

Similar concentrations of CO, retarded the rate of sugar loss in peas 
and sweet corn. 

Treatment of peaches with 35 to 47 per cent CO, at the higher 
temperatures (15° and 20° C.) produced a characteristic overripe 
flavor. In similar experiments the flavor of cherries was not affected 
by the CO, treatment. Exposure to 43 to 47 per cent CO, for two 
days did not affect the flavor of Gradus and Nott Excelsior peas or 
{arly Evergreen sweet corn when held at 25° and 15°. One day at 
25° and two days at 15° were the limit of tolerance to CO, for Golden 
Bantam sweet corn. At 5° the flavor of both varieties of peas was 
normal for three days and that of both varieties of sweet corn for four 
days. Increasing the time of exposure in any of the above cases 
was usually detrimental to flavor. 

Within the limit of tolerance the treated sweet corn seemed sweeter 
than the controls when sampled. 
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RHIZOCTONIA BOTTOM ROT AND HEAD ROT OF 
CABBAGE ' 


By F. L. WELLMAN ? 


Associate Pathologist, Division of Horticultural Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 


INTRODUCTION 


The damping-off or wire-stem disease of cabbage (Brassica oleracea 
L.) seedlings, caused by the Rhizoctonia stage of Corticium vagum 
Berk. and Curt., has been known for a long time and has been studied 
critically by Gratz (4).2. For several years the writer has observed 
and investigated two other phases of Rhizoctonia injury to cabbage, 
known as bottom rot and head rot. The disease called head rot was 
first described by the writer (/3) in 1927. In 1931 Weber (14) 
reported in abstract a Rhizoctonia bottom rot in Florida. 

The present paper reports the results of studies of the cabbage- 
growing sections of Wisconsin, Indiana, and Illinois and parts of lowa 
and Ohio. Each year from 1923 to 1928, inclusive, damping off, or 
wire stem, and bottom rot have been observed. Head rot, however, 
has been irregular in occurrence. It was seen first in 1923 and again in 
1924. In 1925 it caused losses of 5 to 9 per cent in many fields in 
northeastern Illinois and southeastern Wisconsin. In 1926 it was 
less abundant, and in 1927 and 1928 fields were practically free 
from it. 


DESCRIPTION OF RHIZOCTONIA ROTS OF CABBAGE 
BOTTOM ROT 


Usually there is little trouble from Rhizoctonia until the trans- 
planted seedlings are large enough to begin to shade the ground. 
The disease first appears on the basal portions of the leaves next to 
the soil, the ventral side of the midrib often being the first part of 
the leaf attacked. The resulting lesions are sunken, black, and sharply 
elliptical, with their long axes parallel to the sides of the midrib. 
Round black spots appear on the basal parts of the leaf lamina, and 
these areas gradually enlarge. The diseased spots usually have 
over them sparse weblike surface mycelia. Eventually there is a 
general decay of the base of the leaf and the tissues become black 
and easily torn. The distal part of the leaf finally turns yellow, 
and the whole leaf droops, may dry up and drop off, and is often cov- 
ered over by soil during subsequent cultivation. The Alternaria leaf 
spot (Alternaria brassicae (Berk.) Sacc.), which has been described by 
Weimer (15), may be confused with Rhizoctonia. The slowly growing 

' Received for publication Mar. 30, 1932; issued October, 1932. Cooperative investigations hetween 
the Wisconsin Agricultural Experiment Station and the Division of Horticultural Crops and Diseases, 
Bureau of Plant Industry, U. 8. Department of Agriculture. Published with the approval of the director 
of the Wisconsin Agricultural Experiment Station. 

? The writer acknowledges his indebtedness to Dr. J. C. Walker, of the University of Wisconsin, for 
criticism and aid in the preparation of the manuscript. He is indebted also to the plant pathology depart- 
ment of the University of Wisconsin and to J. Monteith, jr., formerly of the Division of Forage Crops and 
Diseases, Bureau of Plant Industry, U. 8S. Department of Agriculture, for cultures of Rhizoctonia solani 
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lesion produced by the Alternaria becomes light colored and papery 
and is less extensive than the Rhizoctonia lesion. Rhizoctonia infects 
the bases of the leaves next to the ground first, whereas Alternaria 
attacks the upper surface of the tip and other distal points with equal 
facility. Rhizoctonia bottom rot is not necessarily followed by 
head rot. 

HEAD ROT 


Head rot (fig. 1) occurs spasmodically in the field under conditions 
as yet not well defined. If bottom rot occurs on a headed plant in 
the field and proper conditions prevail, such as high relative humidity 
and warm weather, hyphae of the organism grow along the stem with- 
out producing decay and infect other leaves farther up. These weaken 
the midribs and the leaves droop. If feces of cabbage worms lodge 
on the dorsal side of the petioles and on leaf blades, growth of the 
organism is stimulated and its head-rotting action is materially 
hastened. As the bases of the first cover leaves of the head are 
attacked, the exposed tips on top of the head turn yellow and tend 
to dry up. A few hyphae spread rapidly between the leaves of the 
head, and lesions are produced. The latter are mere punctations 
(fig. 2) at first, but later expand and coalesce and have scant strands 
of hyphae over them. The lesions are dark and sunken and have a 
suggestion of concentric zonation about a raised center at the point 
of infection. Hyphae may later grow out from such spots and pro- 
duce numerous new lesions near the old. These diseased spots finally 
become confluent. If the weathered leaves on a diseased head are 
pulled apart a not unpleasant odor like that of boiled cabbage is 
noticed. As decay progresses, a weblike dark-colored mycelium de- 
velops between the diseased leaves. As the head rot advances only the 
leaf tissues are affected, while the stem and core of the head are not 
diseased. The head remains, therefore, conspicuous, upright, dark 
colored, and studded with small brown sclerotia. 

The Corticium stage of Rhizoctonia solani Kihn is found early in 
the cabbage fields of Wisconsin and becomes more prevalent as the 
season advances. It occurs on the ventral sides of the lower leaves 
as a superficial gray or chalk-colored membranous growth, which can 
be easily stripped from its support. It is also found growing over 
the surface of the soil in protected places and attached to cabbage 
stems at the ground line. 


COMPARISON WITH OTHER HEAD Rots 


The Rhizoctonia head rot differs from other head rots of cabbage 
in a number of details. The foliage leaves about an attacked head 
droop in a characteristic manner but may not drop completely from 
the plant. (Fig. 1, A.) The decaying tissues are more pliable and 
tough than those produced in watery soft rot or drop (Sclerotinia 
sclerotiorum (Lib.) Mass.) and in bacterial soft rot (Bacillus caro- 
tovorus L. R. Jones). In Wisconsin two head rots, one caused by 
Sclerotinia and one caused by Rhizoctonia, produce sclerotia. Rhi- 
zoctonia sclerotia are the smaller, the more irregular, and the more 
numerous. Rhizoctonia decay is neither slimy, as in bacterial soft 
rot, nor watery and translucent, as in watery soft rot and in head 
rot caused by species of Pythium (2). The infected tissues turn dark 
and shrink as they decay. In bacterial soft rot the odor of decay is 
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very noticeable, but in neither of the other head rots mentioned does 
the odor offend greatly. In Sclerotinia and Pythium rots the aerial 
mycelium is white and is most abundant in the former. (Fig. 1, B.) 




















FiGuURE 1.—Comparison of Rhizoctonia and Sclerotinia head rots of cabbage in the field. A.— 
Rhizoctonia head rot: Diseased head erect, somewhat shrunken, roughened, and dark colored; 
foliage leaves droop but remain attached. B.—Sclerotinia head rot: Some foliage leaves broken off 
to allow for photographing head; profuse white aerial mycelium; only a few large black sclerotia; 
leaves not weakened at base as in Rhizoctonia head rot. 


Rhizoctonia upon infecting a mature cabbage head attacks only the 
ieaf tissues, whereas bacterial black rot (Bacterium campestre (Pam.) 
E. F. Smith) is characterized by blackened vascular bundles. In cot- 
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tony rot, watery soft rot, and bacterial soft rot there may be decay of 
the stem. 
THE CAUSAL ORGANISM 


ISOLATION 


Numerous isolations were made from cabbage seedlings affected 
with damping off and with wire stem, from leaves affected with bot- 
tom rot, and from heads affected with head rot. The Corticium 
stage of apparently the same organism was commonly found in the 
autumn on leaves showing signs of bottom rot and around the base 
of the plants. Four cultures were made from single spores and several] 
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FIGURE 2.—Lesions on surface of inside leaf of cabbage head recently infected with 


Rhizoctonia solani. Older lesions dark and sunken; some show rough concentric 
zonation around a raised center. Small punctations about large spots are new 
infections from hyphae advancing beyond clder lesions. Such groups of lesions 
expand rapidly, coalesce, and may involve the whole head. Sclerotia nearly 
always form at the point of infection. 


from bits of the mycelium of the hymenial layer. All these cultures 
when compared with cultures known to be those of Rhizoctonia solani 


and with descriptions by Kiihn (5), Duggar (3), Matsumoto (7), and 
Burt (1), were found to belong to this species. 


PATHOGENICITY 


Numerous cultures from the sources listed above were used in in- 
oculation experiments upon cabbage plants at various stages of 
growth, including 15 to 20 flats of young seedlings, a large number of 
partly grown potted plants, and over 200 cabbage heads, some grow- 
ing in the field and some cut and placed under bell jars in the labo- 
ratory. The results of each experiment were checked with control 
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plants. The inoculations were generally successful. All strains pro- 
duced typical damping off of the seedlings, bottom rot of older plants, 
and typical head rot of heads approaching maturity or already har- 
vested. The results showed conclusively that bottom rot and head 
rot are caused by the strains of the imperfect stage of the fungus 
Corticium vagum isolated from cabbage. They show furthermore 
that the causal organism is identical with that causing the Rhizoc- 
tonia damping off or wire stem of cabbage seedlings. 


PHYSIOLOGIC SPECIALIZATION OF RHIZOCTONIA STRAINS 


Physiologic specialization in fungi, in which certain morphologic 
species are subdivided into forms exhibiting distinct parasitic special- 
ization, is a well-known phenomenon. It has been studied in Rhizoc- 
tonia solani by several workers, the most important contributions 
being those of Duggar (3), Matsumoto (7), and Peltier (10). The 
physiologic reactions of strains of the fungus in pure culture as a 
measure of biologic specialization has not yet received adequate 
attention; the pure-culture work of Matsumoto (7) and of Monteith 
and Dahl (9) are thus far the most important contributions to this 
problem. 

Physiologic specialization of Rhizoctonia solani on crucifers has 
received only incidental attention. Peltier (10) found that a strain 
isolated from cauliflower, though able to infect seedlings of a fairly 
wide range of host plants, appeared to attack the Cruciferae most 
severely. Gratz (4), studying strains isolated from a number of host 
plants, found that the Rhizoctonia causing wire stem of cabbage was 
probably pathogenic on that plant only, and that the typical potato 
Rhizoctonia did not cause wire stem of cabbage. Van der Meer (8) 
found that strains of Rhizoctonia obtained from potato and cauli- 
flower ‘“‘were physiologically distinct from each other.”’ Lauritzen’s 
(6) study of Rhizoctonia rot of turnips showed that the potato and 
turnip strains were pathogenic only on the hosts from which they 
were isolated. The question of physiologic specialization inevitably 
presented itself in connection with the present study of Rhizoctonia 
causing bottom rot and head rot of cabbage. 

Sixty-nine isolations of Rhizoctonia from a number of hosts were 
studied. In this discussion the data from only 15, representing iso- 
lations from 6 different hosts, will be considered. The results of 
comparative inoculations at various stages in the development of 
cabbage, potato, and lettuce are summarized in Table 1. It is to be 
noted that the cabbage isolations were practically nonpathogenic to 
potato and that the potato isolations were nonpathogenic to cabbage. 
This is in accord with the results of Gratz (4) and of Lauritzen (6) 
noted above, indicating that isolations of Rhizoctonia from crucifer- 
ous hosts were rather specific to those plants. Isolations from bean, 
beet, pea, and lettuce likewise failed to cause head rot or bottom rot 
of cabbage, although that from lettuce did cause damping off of 
small cabbage seedlings. On the other hand, all the cabbage strains 
were fairly “pathogenic to lettuce. These results, though limited, 
indicate that only certain strains of Rhizoctonia solani are capable 
of causing head rot and bottom rot of cabbage. 
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ENVIRONMENT IN RELATION TO DISEASE PRODUCTION BY THE 
CABBAGE RHIZOCTONIA 


MOISTURE RELATIONSHIPS 


In his studies of damping off Gratz (4) found that Rhizoctonia 
required a high moisture content of the soil. Either drought or 
excess of water in the soil hindered the development of the disease. 
The writer’s observations corroborate these findings. 

To determine the effect of relatively high and low moisture content 
of the air on the Rhizoctonia producing bottom rot and head rot, 
a number of experiments were performed. Heads of cabbage obtained 
on the Madison, Wis., market were taken as host material, and two 
strains of the fungus were used. After the outer leaves had been 
carefully removed under aseptic conditions, inoculations at seven 
points on the top of each head were made from Rhizoctonia cultures. 
The inoculum consisted of surface sclerotia and bits (about 1 cm 
square) of the culture medium covered with young growing hyphae. 
Half of the inoculated heads were placed under bell jars and half were 
left uncovered in the comparatively dry laboratory air. The temper- 
ature of the room was about 21° C. Under the bell jars fungal hyphae 
could be noted within 24 hours, extending out from sclerotia and 
bits of agar culture, and in three days the leaf tissue showed symp- 
toms of attack and the organism developed rapidly. Release of water 
from the host tissue appeared much accelerated with increased decay, 
water drops gathering in much greater quantities on the inside of 
bell jars over decaying heads than over uninoculated individuals. 
On the inoculated heads left uncovered the inoculum dried up and 
no Rhizoctonia decay resulted. 

Plants growing in sterilized soil in the greenhouse were likewise 
used in determining the relation of moist atmosphere to disease 
production. These plants, of an early variety of cabbage, had grown 
rapidly and were forming small heads. Greenhouse temperatures 
ranged between 18° and 24° C. Inoculations were made with young 
sclerotia from pure cultures of a cabbage head-rot strain of Rhizoc- 
tonia. Inoculum was placed in the forming head and on foliage leaves. 
Controls were inoculated with bits of sterile agar. The soil was kept 
wet and some of the plants were covered with a glass-sided box, and 
others were left uncovered. The Rhizoctonia organism produced 
typical head rot and bottom rot on all the inoculated plants kept 
under the moist chamber; a few unprotected plants inoculated in the 
forming head showed signs of becoming diseased, though the symp- 
toms were not advanced. It appears that a very humid atmosphere 
is most conducive to the progress of both diseases and is particularly 
important for the development of head rot. 


TEMPERATURE RELATIONSHIPS 


Richards (11), in 1921, reported studies on the relation of soil tem- 
perature to injury of potato stems by Corticium vagum (Rhizoctonia 
solani). He found that the organism caused lesions over a wide range 
of temperatures (9° to 27° C.), that the optimum temperature for 
pathogenicity was 18°, and that above 24° Rhizoctonia was not a 
serious factor in disease production. In 1923, he (12) again reported 
studies of Rhizoctonia, this time on pea and bean. As before, he 
found that temperature had a very definite effect on disease produc- 
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tion. No infection occurred below 9° or above 29°. The optimum 
may be placed at 18°. In pure culture the range differed, the mini- 
mum temperature for growth being 4.6°, the optimum from 25° to 27° 
and the maximum 32.6°. Gratz (4), in 1925, found that Rhizoctonia 
damping off of cabbage had quite definite temperature relationships, 
The minimum for disease production was below 10°, the optimum 
from 15° to 30°, and the maximum from 31° to 32°. In pure culture 
the organism grew at a minimum of approximately 9°, an optimum 
between 22° and 26°, and a maximum of slightly above 31°. In 1928, 
Monteith and Dahl (9) reported temperature relationships of pure 
cultures of nine strains of Rhizoctonia solani from grass, pea, and 
potato. In general these strains grew at a minimum temperature of 
less than 10°, an optimum of 25° to 30°, and a maximum of 35°. 

Temperature relationships determined by the writer for the or- 
ganism causing bottom rot and head rot.of cabbage are practically the 
same as those found by Gratz (4). In pure culture on potato-dextrose 
agar the cabbage Rhizoctonia produced growth at 8° C. At 9° the 
fungus grew very slowly. Between 12° and 22° rapidity of growth 
increased enormously. The most rapid growth was above 23° and 
below 27°. At 29° the rate of growth was materially lessened, at 30° 
it dropped still further, and at 33° no growth occurred. General 
field observations indicated that Rhizoctonia was most active during 
warm weather. Headed plants were potted, inoculated with sclerotia 
from pure cultures of Rhizoctonia causing head rot, and placed in 
greenhouses at temperatures ranging from 10° to 33°. Inoculated 
heads decayed slowly at a temperature of 12°. At 15° to 20° the 
disease developed at a slightly more rapid rate. At 21° to 23° 
disease production was further enhanced. The optimum temperature 
for head rot was determined to be from 23° to 27°. Above 30° decay 
was considerably lessened, and at 32° there was none. 

In a further study of temperature relations, bleached leaves asepti- 
cally removed from the inside of heads of market cabbage were put in 
sterilized moist chambers and inoculated with pure cultures of two 
strains of Rhizoctonia obtained from cabbage plants affected with 
head rot. The moist chambers were then held at constant tempera- 
tures. Temperature relationships for decay were the same as 
previously determined, except that the minimum temperature was 
placed at about 9° C. and the optimum temperature narrowed down to 

ro i A) 


between 25° and 27 


SUMMARY 


The present paper describes two diseases of cabbage, Rhizoctonia 
bottom rot and head rot, and presents the results of recent studies on 
both of these diseases, which are caused by Rhizoctonia solani Kihn, 
the imperfect form of Corticium vagum Berk. and Curt. Bottom rot 
attacks cabbage every year, but head rot is spasmodic in its occurrence. 
It was proved by isolation and inoculation experiments that these 
two diseases of older plants in the field are caused by the same strain 
of Rhizoctonia that produces damping off, or wire stem, of cabbage 
seedlings. 

A number of strains of Rhizoctonia solani were obtained and studied 
for evidence of physiologic specialization. It appears that strains of 
the organism are most pathogenic upon the hosts from which they 
were originally isolated, 
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Environmental factors were studied in relation to disease produc- 
tion. It was found that a relatively large amount of moisture is 
necessary for optimum disease production by the fungus. Rhizoc- 
tonia bottom rot and head rot were produced at temperatures ranging 
from 9° C. to somewhat less than 32°. The optimum temperature for 
disease development is between 25° and 27°. 
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THE DIGESTIVE ENZYMES OF THE COLORADO POTATO 
BEETLE AND THE INFLUENCE OF ARSENICALS ON 
THEIR ACTIVITY' 


By Davin E. Finx ? 


Entomologist, Division of Insect Toxicology and Physiology, Bureau of Entomology, 
United States Department of Agriculture 


INTRODUCTION 


In a previous investigation the writer (6)*° found that, in general, 
arsenic caused an inhibition of the respiratory metabolism of insects. 
This led to the assumption that arsenic may exert its toxic action 
through its chemical affinity for some substance in the protoplasm 
that normally is of vital importance to respiration. Glutathione, 
known to be of importance in cell oxidation and reduction and detected 
by the writer (7) in insect tissue, was found to be reduced in quantity 
when arsenicals were fed or injected into insects (8). Furthermore, 
Voegtlin, Dyer, and Leonard (18, p. 304) have stated that 
arsenic in the form of the trivalent directly toxic oxide modification exerts its 
action on mammalian protoplasm through its chemical affinity to the SH group 
of reduced glutathione, thus interfering with the normal equilibrium between 
oxidized and reduced glutathione, as a result of which the tissue dies of asphyxia. 

The foregoing studies indicate that the reaction between arsenic 
and reduced glutathione may be an important part of the mechanism 
of the toxic action of arsenic. Parfentjev and Devrient (1/0), how- 
ever, believe that the effect of arsenic on the respiratory metabolism 
of insects can not explain the mechanism of its toxic action. They 
suggest that the loci of its action should be sought elsewhere. Since 
our knowledge of the mechanism of the toxic action of arsenic is 
contradictory and incomplete, it seems desirable to exhaust every 
possible line of investigation before assigning to any one reaction a 
predominant réle in the total effect of arsenic. 

If arsenic interferes with the activity of respiratory catalysts, 
perhaps it also affects certain digestive enzymes. A study of the 
literature failed to reveal a single experiment on the effect of arsenic 
on the digestive enzymes of insects. Accordingly, the writer has 
made a study of the effect of arsenicals on the digestive enzymes 
of the Colorado potato beetle, Leptinotarsa decemlineata (Say). In 
this investigation it was necessary first to determine the presence 
and activity of the digestive enzymes in the normal insect and 
afterwards to investigate the influence of arsenicals upon their 
activity. 
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THE DIGESTIVE ENZYMES OF THE NORMAL COLORADO POTATO 
BEETLE 


METHODS OF INVESTIGATION 


Active, feeding potato beetles were deprived of food for several] 
days and were given large quantities of water during the same period 
to clear the digestive tract of food material. Repeated dissections 
of beetles have shown that a period of two to three days is usually 
sufficient for the removal of the greater part of the food. The 
number of beetles dissected at any one time depended upon the 
extensiveness of the experiment, and ranged from about 100 to 300. 

The entire digestive tract was removed and divided into three 
parts, the fore-gut, mid-gut, and hind-gut. The fore-gut is about 
4 mm in length, the mid-gut about 16 mm, and the hind-gut about 
8 mm. Dissections were made in a 0.2 per cent sodium chloride 
solution. Any food and excrement remaining were removed, and 
the dissected parts rinsed in several changes of the salt solution and 
finally in distilled water. The three parts of the digestive tract thus 
prepared were divided into two equal samples. The three parts of 
the first sample were ground separately with clean washed sand in a 
mortar. Each part was placed in an Erlenmeyer flask, and the 
contents of each of the three flasks were diluted with a 50 per cent 
glycerol solution in the proportion of 1 ¢ ¢ of the solution to 1 mid-gut, 
4 fore-guts, and 2 hind-guts. The other sample was similarly tre: ated, 
except that distilled water was used as the diluent. The tissue 
suspensions prepared in this manner were fairly homogeneous. A 
layer of toluene (5 ¢ c) was added to the contents of each of the six 
flasks as a preservative. The glycerol-tissue suspension was sub- 
sequently used in the experimental work on proteolytic enzymes, 
and the distilled water-tissue suspension was used in the work on 
enzymes that split carbohydrates. This division was necessary 
because glycerol solutions in certain concentrations are known to 
inhibit the activity of certain enzymes. 

A suspension was also prepared of the contents of the digestive 
tract that usually ooze from tae mouths of active potato beetles when 
handled. This regurgitated liquid was collected by means of a fine- 
tipped capillary pipette held close to the mouths of active beetles. 
It was then diluted with distilled water to a yellow suspension which 
contained very active enzymes. 

To determine the effect of age of the tissue suspensions on the activ- 
ity of the enzymes, some experiments were made with a tissue sus- 
pension from 1 day to 3 weeks old. 

To determine the presence or absence of enzymes, preliminary 
experiments by the general micro and macro methods described by 
Swingle (17) were tried with these tissue suspensions. Afterwards 
other methods and modifies ations were adopted for estimating the 
extent of digestion caused by a given enzyme. These methods w vill be 
described in detail under each enzyme discussed. 

A striking characteristic of enzyme activity is the fact tnat it is 
limited to a definite range of hydrogen-ion concentration. One of 
the aims of the writer was to determine the hydrogen-ion concentra- 
tion of optimum activity and the effective pH range for each enzyme 
studied in this investigation. In preliminary experiments the writer 


was guided in the choice of pH range by the large amount of published 
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information on the effective pH ranges for different enzymes. Clark’s 
(4, p. 104) phthalate and phosphate mixtures were employed as 
buffers. In some experiments the solutions were not buffered but 
were adjusted to a desired hydrogen-ion concentration by the addi- 
tion of hydrochloric acid or sodium carbonate. The hydrogen-ion 
concentrations of the solutions before and during their use in the 
experiments were frequently checked against those of standard buffer 
solutions, generally by the usual spot plate and potentiometer 
methods (9). 
EXPERIMENTAL WORK 


HyproGEn-Ion CONCENTRATION OF TISSUE SUSPENSION 


The tissue suspensions in distilled water described in the preceding 
section were used first for the determination of their hydrogen-ion 
concentration. Samples were tested by the potentiometer method. 
The pH of the distilled water was adjusted to 7.0 by means of dilute 
NaOH. The average pH of the tissue suspension of the fore-gut was 
6.42; of the mid-gut, 5.00; and of the hind-gut, 5.40. The average 
pH of the suspension of regurgitated liquid was 5.00. 


TABLE 1.—Digestion of starch by amylase obtained from a mid-gut tissue suspen- 
sion prepared from normal and arsenic-fed potato beetles 


Extent of digestion * at pH of— 


. Period 
— Treatment of beetles of diges- 
tion 6.0 | 66 | 70 | 7.6] 8.0 
Minutes 8 | | 

0 20 20 20 
| 28 20 40 60 35 
|( Normal 50; 30 has 50 70 40 
a | 70| 40 60| 80 45 
= | 115! 60 80 | 100 60 
Control __- 0 0 0 0 

5 40 20 20 20 

| 15 60 40 40 40 

pee b 25 100 65 50 | 45 

3 | 60 100 80 55 

, | 115 100 80 

Control 0 0 0 0 
5 0 0 0 10 20 
| 25 0 20 20 20 30 
Fed Paris green 50 20 30 35 40 40 
\ | 70 40 40| 60 60 | 55 
; 115} 60 65 70 75 | 60 
Control 3 | 0 0 0} 0 | 0 
5 10 20 20; 20) 20 
| 25) 20 30! 40 40 30 
Fed lead arsenate 50} 30 40 50| 60 35 
6 e L 70| 40 0} 70) 75 50 
115 60 70 80} 85 70 
Control. : 0 0 0} 0 0 


eC nie te digestion eae 100. 
> Regurgitated liquid was used instead of tissue suspension. 


AMYLASE 


Two cubic centimeters of tissue suspension, 2 ¢ ¢ of buffer solution 
of a desired hydrogen-ion concentration, and 0.5 ¢ ¢ of a 0.5 per cent 
soluble-starch solution were ac curately measured into each of a set 
of test tubes. A similar set containing boiled tissue suspension was 
used as a control. These solutions were covered with a layer of 
toluene and placed in a water bath at 37° C. A drop of an iodine 
solution (1 per cent iodine-potassium iodide solution) was added 
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to each test tube. At certain intervals, shown in Table 1, the progress 
of the hydrolysis of starch by this enzyme was followed by comparing 
the colors of the solutions with those of a set of five standards ranging 
from a deep blue to light yellow. The standards were prepared by 
adding bromothymol blue to buffered solutions of suitable hydrogen- 
ion concentration. As a result of preliminary experiments, numbers 
were assigned to the standards as follows: Deep blue, 0; light blue, 
20; purple, 40; yellow, 60; light yellow, 80; colorless, 100. The inter- 
polated numbers given in Table 1 indicate estimates of extent of diges- 
tion in a digest tube when at the given interval of time the color of 
the solution in the tube did not match that of a standard. The 
hydrogen-ion concentration of the solution reaching the achromic 
point in the shortest interval of time approximated the hydrogen- 
ion concentration of optimum activity of the enzyme. Before the 
progress of digestion in a tube was recorded, several more drops of 
the iodine solution were added to make certain that the color change 
was due to digestion of starch and not to absorption of iodine. 


EnzyYMEsS HypROLYZING DISACCHARIDES 


During the hydrolysis of disaccharides by different enzymes, glu- 
cose is produced. For example, lactase hydrolyzes lactose into galac- 
tose and glucose, maltase hydrolyzes maltose into two molecules of 
glucose, and invertase hydrolyzes sucrose into fructose and glucose. 
It was found convenient to take advantage of this fact for the purpose 
of detecting and estimating the relative activity of the different 
enzymes hydrolyzing disaccharides. Benedict’s quantitative solu- 
tion (a modification of Fehling’s solution) was used. One cubic 
centimeter of this reagent, when reduced, is equivalent to 2 mg of 
glucose. After determining the number of cubic centimeters of an 
incubated mixture required to reduce 2 c ¢ of Benedict’s reagent, 
one is able to express the extent of digestion in milligrams of glucose 
per cubic centimeter of incubated mixture. 

The writer found the following method convenient: Into a series 
of test tubes 2 c ¢ of Benedict’s solution was accurately measured by 
means of a burette. In addition, each tube received 0.5 g of anhy- 
drous sodium carbonate and a little powdered pumice, and the contents 
were heated to boiling over a free flame until the carbonate was com- 
pletely dissolved. By means of a 1, 2, or 5 ¢ ce Mohr pipette filled to 
the zero mark, the incubated mixture to be tested was run into the 
boiling reagent (the test tube being held just above the tip of a free 
flame), rather rapidly at first, then more slowly as the color began to 
fade, and finally drop by drop until a white precipitate formed and 
the solution became colorless. A pipette graduated to 0.01 ¢ ¢ was 
used to obtain the end point. The error in determining the end 
point was not greater than 0.03 ¢ ¢ of tissue suspension. The reduc- 
tion of 2 ¢ ¢ of Benedict’s reagent was accomplished under these 
conditions by exactly 4 mg of glucose. 

The figures in milligrams of glucose are an indication of the relative 
hydrolyzing activity of the enzyme in this incubated mixture at the 
hydrogen-ion concentration of the experiment and are not to be con- 
strued as indicating actual quantities of enzyme per cubic centimeter 
of tissue suspension. 
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LACTASE 


Into a series of test tubes, 2 c ¢ of tissue suspension, 2 ¢ ¢ of buffer 
solution of a desired hydrogen-ion concentration, and 5 ¢ ¢ of a 1 
per cent solution of lactose were accurately measured, covered with 
a layer of toluene, and placed in a water bath at 37° C. Controls 
received the same quantity of boiled tissue suspension. After a.cer- 
tain period measured portions of the digest were removed and tested 
with Benedict’s reagent to determine the extent of digestion. Table 
2 shows that lactase was present in the mid-gut and active from pH 
4.0 to 8.0, the optimum activity occurring from pH 6.0 to 8.0. 


MALTASE 


The procedure for determining the presence and activity of maltase 
was the same as that described under lactase, except that a 1 per cent 
maltose solution was used as substrate. Table 3 shows that maltase 
was present in the mid-gut. Its active range was found to be from 
pH 6.6 to 8.0, the optimum activity being at pH 7.6. 


INVERTASE 


The procedure for determining the presence and activity of inver- 
tase was as described under lactase, a 1 per cent solution of sucrose 
being used as substrate. As shown in Table 4, this enzyme was 
present in the mid-gut and was active throughout the pH range used 
(pH 4.0 to 8.0), being most active between pH 5.0 and 7.0, with 
optimum activity at pH 6.0. 


TABLE 2.—Hydrolysis of lactose by lactase obtained from a mid-gut tissue suspension 
prepared from normal and arsenic-fed potato beetles 


: Extent of hydrolysis ¢ at pH of— 
Experi- 





- Treatment of beetles - — 
ment No. 40 | 50 | 60 | 70 | 80 
Mg Mg Mg | Mg | Ma 
A, Se Rae rns eee ee 3. 41 3.62} 4.06] 4.00] 4. 08 
\Control__ 3. 00 3. 05 3. 08 3.02 | 3. 06 
a. , ee : 2. 53 ‘ 2. 96 2.90 2.91 
eee 2. 35 2. 2.45 2. 23 | 2. 30 
15 SIR ITER EE IEE 3.10 3. 3 3. 30 3. 55 | 3. 68 
° |\Control__- ERS x 3. 08 3. 3. 02 3. 10 | 3.12 
16 |/ Fed Paris green-_- e 3. 40 3. 3. 48 3.54) 3.59 
(Control. .__. ite 3.21} 3. 3.25] 3.22] 3.21 
17 |! Fed lead arsenate _ __. 2.78 2. 2. 96 2. 98 2. 98 
* |\Control__- ose | 269; 2 2.71 2.70 2. 69 
18 |/ Fed lead arsenate _ - s -| 2.89 2. 2. 98 3. 08 3.14 
® |\Control____- siauntcweueeeaiatad Meee | ae 2.79| 2.67 2.71 
| 


« In terms of milligrams of glucose per cubic centimeter of incubated mixture. 
TABLE 3.—Hydrolysis of maltose by maltase obtained from a mid-gut tissue suspen- 
sion prepared from normal and arsenic-fed potato beetles 


| Extent of hydrolysis ¢ at pH of 
Experi- 





Treatment of beetles - 

ment No.) 40 | 5.0 | 60] 66 | 70] 7.6 | 80 
—S — — — - — — 

Mg | Mg Mg Mg Mg Mg 
93 \fNormal 2.30} 2.30) 2.30) 2.50 2.70 | 2.50 
“° \\Control 2.20} 2.18] 2.20] 2.19 2.16] 2.20 
24 {Normal | 2.20 2.231 2 2. 46 | 2. 80 2. 68 
“* \\Control __- 2.12} 2.18) 2. 2. 10 2.13 | 2.10 
97 \{Fed Paris green 3.17] 3.20) 3.: 3. 38 ° 3.59 | 3.36 
“" \\Control | 3.12) 3.15 | 3 3. 14 3.17] 3.13 
9g |\f Fed Paris green_. 3.39| 3.27] 3. 3. 39 | 3.67] 3.40 
™ |\Control . . - | 3.20] 3.25] 3.2 3. 20 | 3. 29 3.19 
aq |f Fed lead arsenate 2.81 | 2.89) 2. 2. 97 2.90; 2.98 
ail RR | 279) 2.76) 2 2. 69 | 2.78, 2.80 











| 
| 
| 
| 
| 
| 





* In terms of milligrams of glucose per cubic centimeter of incubated mixture. 
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raBLe 4.—Hydrolysis of sucrose by invertase obtained from a mid-gut tissue suspen- 
sion prepared from normal and arsenic-fed potato beetles 


Extent of hydrolysis ¢ at pH of 
Experi- 


ment No. rreatment of beetles _ 8 uneemanes ani - > 


4.0 5.0 6.0 ae 

Mg Mg Mg | Mg Mg 
32 | Normal 0. 55 2. 00 2. 35 1. 00 0. 55 
33 f do és . 45 1, 90 2. 16 . 93 . 66 
“ Control v itech 0 0 0 0 0 
36 | Fed Paris green .79 2. 21 2. 48 . 88 . 65 
37 f do . 68 1. 92 2.17 73 . 48 
“* \\Control ‘ 0 0 0 0 0 
38 | Fed lead arsenate .85 2. 46 2. 59 . 61 . 58 
39 | do , . 78 191) 2.25 .79 . 68 
“ \(Control 0 0 0 0 0 


@ In terms of milligrams of glucose per cubic centimeter of incubated mixture. 
LIPASE 


For determining the activity and presence of lipase, the titration of 
the free acid resulting from the hydrolysis of an olive-oil emulsion was 
used. In a 100 ¢ ec beaker, 25 ¢ ¢ of a 1 per cent neutral olive-oil 
emulsion and 12 ¢ ¢ of tissue suspension were placed, with thymol as a 
preservative. The controls contained the same quantity of boiled 
tissue suspension. The beakers were left in the dark at room temper- 
ature, and at intervals measured portions of the digest were removed 
and tested for acidity by titration with 0.05N sodium hydroxide. In 
Table 5 the acidity is indicated in cubic centimeters of 0.05N sodium 
hydroxide per 5 ¢ ¢ of the incubated mixture. These experiments 
demonstrated that lipase was present in the mid-gut. 


PROTEOLYTIC ENZYMES 


To follow the course of digestion by proteolytic enzymes several 
methods may be utilized. After preliminary work a 5 per cent gelatin 
solution, into which were incorporated several crystals of thymol as a 
preservative, was adopted as a substrate. The experiments coverea 
a range of pH 2.0 to 8.0 with convenient pH intervals in order to test 
for the presence of both peptic and tryptic enzymes. 


TABLE 5.—Dvigestion of a neutral olive-oil emulsion by lipase oblained from a mid- 
gut tissue suspension prepared from normal and arsenic-fed potato beetles 


Acidity ¢ after 
Experi- ——_—— 


Treatment of beetles | 
ment No 8 16 24 36 





; | re 
hours | hours | hours | hours | hours | hours _ 
| Ce Ce Ce | Ce Ce Ce Ce 
\f Normal. -- FE ee ne 0.32!) 0.45 0. 75 1.10 1. 50 1. 80 5. 92 
45 |\Control " 15 18 . 20 . 30 .35 40 1, 58 
{Fed Paris green 37 . 40 . 65 85 1. 05 1.20) 4.52 
47 |\Control__.- desde i iulndiced 11 | - 20 | . 25 35 . 35 . 45 1, 71 
{Fed lead arsenate - : .30| .50| .70| .95| 1.20] 1.55] 5.20 
48 }\Control - ....- asd - 15 -25| .30| .40| .40 45 | 1.95 
| | | 


| 


# In cubie centimeters of 0.05N sodium hydroxide per 5 cc of digest. 
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LIQUEFACTION OF GELATIN 


Into each of a series of test tubes 10 ¢ ¢ of the gelatin solution pre- 
viously adjusted to pH 7 with sodium carbonate, 2 ¢ ¢ of tissue sus- 
pension, and 2 ¢ c of buffer solution of a desired hydrogen-ion concen- 
tration were accurately measured. A similar series containing boiled 
tissue suspension served as controls. The solutions were covered with 
a layer of toluene and were placed in a water bath at 37° C. At 
intervals the tubes were removed and immersed in an ice bath at 0° 
to 5° for 30 minutes, and the extent of digestion was estimated by 
observing the degree of liquefaction of the gelatin as described by 
Dernby (5), where the number 0 indicates no ‘lique faction and 6 indi- 
cates complete liquefaction. (Table 6.) The hydrogen-ion concen- 
tration of the contents of the sai reaching the highest number during 
the shortest interval of time indicated the optimum hydrogen-ion 
concentration at which digestion occurred. 

The results of experiment 51 indicate two optima, one after 48 hours’ 
digestion at pH 5, the other after 55 hours’ digestion at pH 7. 
Although the pH range of activity in this case extended into both the 
acid and alkaline sides of neutrality—that is, from pH 4 to pH 8—it is 
quite evident, from what is known of the pH range at which pepsin 
is active, that in experiments 51 and 53 pepsin was not the enzyme 
cone ee for none of the contents of the tubes in the range of pH 2 
to 4 gave any indication of digestion. The proteolytic enzymes pres- 
ent in the regurgitated liquid were active in the same range (pH 4 
to 8), the optimum occurring in the shortest interval of time, namely, 
24 hours at pH 5 to 8. 


TABLE 6.— Digestion of gelatin by proteolytic enzymes obtained from a mid-gut tissue 
suspension prepared from normal and arsenic-fed potato beetles 


Experi Age of | Period Extent of liquefaction « at pH of— 
experi- 
ment Treatment of beetles tissue of 
No suspen-| diges- - r oo 
sion tion | 2.0/2.6) 3.0) 4.0 | 5.0 | 6.0 | 6.6 | 7.0 | 7.6 | 8.0 
Days | Hours 
24; 0] 0} 0 1 1 1 1 0 0 0 
. - 8; 0| 0} 9 1 6 j 2 4 0 0 
51 |JNormal__. cone : 55| 0| 0! O 2 6 ; 3 6 4 0 
| 72} 0} 0} O 2 6 6| 5.5 6 6 | 5.5 
Control 72| 0! 0} O 0 0 0 0 0 0 0 
53 {Normal > y 6; 0; 0} 0 3 6 6 6 6 6 6 
“" \\Control ‘ 6 0 0 0 0 0 0 0 0 0 0 
- |f Normal_. 1 24 0 l 2 6 6 6 6 6 6 6 
 !\ Control a 24) 0| 0] O 0 0 0 0 0 0 0 
: oa 24; 0] O| O 0 1 1 1) 1.5 2 0 
- Normal _.- 21} 48! 0) O| O 0) 1.5/3.5) 45) 5.5] 55 A 
Control__. 48 0 0 0 0 0 0 0 0 0 0 
{ 24; 0| 0! 0 1 4 5 5 6 6 5 
| Normal 2 48 0 0 0 1} 5.5 6 6 6 6) 5.5 
66 | 72} o! o| 0115] 6! 6| 6! 6| 61 6 
| Control 72| 0] o| o| o| o| o| o| oo} of o 
60 Fed Paris green.__- . l 24 0 l 3 5 6 6 6 6 6 6 
\Control_- 24; 0; 0| O 0 0 0 0 0 0 0 
24 0 0 0 0 0} 0.5 2 3 4 5 
a) Fed lead arsenate ' 2 48 | 0] 0 115.5 6 6 6 6 6 6 
Control... -- . 48; 0| 0} 0 0 0 0 0 0 0 0 
“|| | 24; 0| 0O| O 0 0 0 0 0 0 0 
. 48| 0| 0] O 0 0 0 1 2 2 0 
., ||Fed lead arsenate ....... : 72/ 0] O| O| 0/1.5)1.5| 4145/55/15 
| 6); 0) 0} O 0 2 414.5) 5.5 6 4 


a * eee a 96 0 0 0 0 0 0 0 0 0 0 


« Complete liquefaction equals 6. : . 
> Regurgitated liquid was used instead of tissue suspension, 
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The influence of the age of a tissue suspension on its activity was 
determined in the same manner as described above. <A few typical 
results selected from the experiments are given in Table 6. 

With a tissue suspension 1 day old (experiment 55) complete diges- 
tion took place in 24 hours at pH 4 to 8. With the same tissue sus- 
pension 2 days old (experiment 66) there was practically complete 
digestion after 48 hours at pH 5 to 8. With the same tissue sus- 
pension 1 week old (experiment 51) complete digestion occurred in 
48 hours only at pH 5, but after 72 hours digestion was practically 
complete in every tube from pH 5 to pH 8. With the same tissue 
suspension 3 weeks old (experiment 56) practically complete digestion 
occurred only at pH 7 to pH 8 in 48 hours. In other experiments 
not shown in Table 6, performed with tissue suspensions 1 and 6 hours 
old, digestion in the tubes extended more and more into the acid range. 
Complete digestion at the pH range 2 to 4, however, was never 
attained. Hence the conclusion was drawn from these experiments 
that pepticlike enzymes are not present in the potato beetle. 

Experiments were also performed with other proteins as sub- 
strates—namely, blood fibrin, casein, and albumin. All these experi- 
ments were quite conclusive in indicating that pepticlike enzymes are 
not present in the potato beetle. 


FORMOL TITRATION METHOD 


The digestion of gelatin by proteolytic enzymes was also tested by 
Sorensen’s (1/6) formol titration method. This method depends on 
the formation of methylene compounds by the combination of formal- 
dehyde with amino groups of amino acids. The acid carboxyl groups 
can then be estimated by titration with barium hydroxide or sodium 
hydroxide. The greater the concentration of the amino acids pro- 
duced by the hydrolysis of a protein the greater the concentration of 
carboxy! and the greater the acidity following the addition of neutral 
formaldehyde solution. Thus the increased acidity is a measure of 
the degree of hydrolysis. 

The formol titration was used in an experiment in which the hydro- 
gen-ion concentration of the digest was adjusted at the beginning by 
the addition of hydrochloric acid or sodium hydroxide as was neces- 
sary. The change in acidity during digestion was measured in terms 
of cubic centimeters of 0.01N sodium hydroxide titrated to pH 8.4. 
A buffered solution of pH 8.4 was used as a standard, with phenol- 
phthalein as an indicator. The effect of the addition of neutral for- 
maldehyde solution after the titration of the free acidity was to render 
the solution again acid, and by titration the formol acidity was ascer- 
tained, as indicated in Table 7. 

By selecting from this table data obtained during digestion at 
pH 5 and 7, which were the optima attained in the digestion of gelatin, 
it is noted that at pH 5 the free acidity rises progressively during the 
course of digestion, whereas the formol acidity does not. In the 
digestion at pH 7 the process is reversed, the free acidity remaining 
practically constant during the progress of digestion whereas the 
formol acidity rises considerably in the latter part of the period of 
digestion. 
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TaBLE 7.—Formol titration during digestion of gelatin by proteolytic enzymes of 


the potato beetle carried on at different hydrogen-ion concentrations 


Free acidity * after— | Formol acidity « after— 


oa i Y ‘ “‘ ‘ ? , p : a a 

mye l/el(slslslelsisleielelsleisisisie!s 
BO OE SESE SE SE te 4c wie £)2/2/2/2/2)2/8 
+*/o/2/S/S/SI/Slsilea]}/el/eal/zl/alsxisisisi< 
Ce|Ce|Ce|Ce|Ce|Ce|Ce|Ce| Ce Ce Ce | Ce| Ce| Ce| Ce| Ce| Ce| Ce 
15)5.6)5.5/) 5.1/5.5) 5.2) 5.1)5.3 | 5.41) 5.35 0.8 0.8 | 0.9/'0.9'0.9)'09)0.9) 0.9 | 0.88 
2.0' 4.0) 4.0/3.9) 3.8) 3.8) 40/41) 41 | 3.96 .8 3 9 9 8 8 8 9 . 84 
2.6} 3.9|)3.9)3.7 | 3.7 | 3.5 | 3.5 | 3.8 | 3.8 | 3.73 8 -9 9 9 x 8 .8 9 . 86 
3.01/;256/221,;23/;21/211221/23/,22)] 226 .8 9 9 9 .9 9 9 . 89 
4.0) 1.8) 1.8) 1.8) 1.9/1.8]1.8)19)] 1.9] 184 9 -9| 1.0 9 -9)1.0) 10/10 95 
§.0)1.0)1.1)12)1.3]14]15] 1.5) 1.5] 1.31 9 1.0/1.0) 1.0/1.0) 1.1)12) 1.2] 1.05 
6.0) .5 .6 5 .6 8 . 8 8 . 66 1.0 1.0)1.1)10)11)12)]14/)1.6{ 1.17 
6.6 5 -4 5 .6 .5 .6 7 6 55 1.0 .8 -9/1.0)1.0)1.0]1.2|1.2/1.01 
7.0 -4 5 5 -5 5 “a ) .6 . 50 9 10/)1.0)1.0) 11/12/20) 2.1) 1.29 
7.6 .4 2 3 4 3 4 ) » 40 9 1.0 9 8 -9/ 1.1) 1.6/1.9) 114 
$8.0} .3 2 2 -4 .4 4 -6 . 35 9 1.0 -9/; 1.0 8} 11/11/12] 10 


* Acidity expressed as cubic centimeters of 0.01N sodium hydroxide. 
EREPSIN 


Erepsin was determined by the method described by Swingle (17) 
and was found in the mid-gut and regurgitated liquid; none was found 
in the fore-gut or hind-gut. It is quite likely that the enzyme detected 
by this method does not differ from the one shown to be active in the 
liquefaction of gelatin. 


THE EFFECT OF ARSENICALS ON THE ACTIVITY OF DIGESTIVE 
ENZYMES OF THE COLORADO POTATO BEETLE 


METHODS OF INVESTIGATION 


In the experiments to detect the effect of arsenicals on the activity 
of digestive enzymes, the insects were first placed on foliage previously 
sprayed with Paris green or lead arsenate in the proportion usually 
employed in field tests, namely, 2 pounds of the arsenical to 50 gallons 
of water. The insects selected for dissection were still alive and were 
taken from leaves that had been partly consumed. It is not definitely 
known whether all the insects used in the experiments had actually 
fed on poisoned foliage. However, it is surmised from their abnormal 
behavior that they had probably ingested some of the poison as they 
fed on the foliage. It is quite likely that the quantity of the poison 
consumed by different individuals varied considerably, and that some 
beetles may not have fed at all during these experiments, even when 
they were taken from leaves showing feeding areas. But the per- 
centage of nonpoisoned beetles that may have been used in the dis- 
sections must have been very small indeed and would not have 
influenced the results to any great extent. Usually the beetles that 
fed on poisoned foliage ceased to feed and remained alive in some 
instances for several days. The dissection of such beetles revealed 
considerable food in the digestive tract. The food was removed, and 
the dissected parts were immersed in several changes of 0.2 per cent 
sodium chloride solution and distilled water before they were finally 
ground with sand and made into tissue suspensions. 

Since the experiments with normal insects indicated that the 
enzymes were present only in the mid-gut, the preparation of tissue 
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suspensions for the following experiments was confined to the mid-gut. 
Two suspensions were prepared, a glycerol suspension and a water 
suspension, and the subsequent tests were carried out in the manner 
described under the treatment of the normal tissue suspension. 


EXPERIMENTAL RESULTS 
AMYLASE 


The effect of arsenicals on the activity of amylase is shown in Table 
1, experiments 5 and 6. In the case of beetles that fed on foliage 
sprayed with Paris green, a retardation of the initial activity of this 
enzyme was indicated in the range of pH 6.0 to 7.0, and complete 
digestion of starch was not attained even in 115 minutes. In the case 
of beetles that fed on foliage sprayed with lead arsenate, no retarda- 
tion in the initial activity of this enzyme was observed, and, though 
complete digestion was not attained in 115 minutes, a higher degree of 
digestion than in the previous experiment was reached. 


LACTASE 


Experiments 15 to 18 in Table 2 indicate no effect of arsenicals on 
the activity of lactase. 
MALTASE 


The experiments with maltase, shown in Table 3, also disclose no 
influence of arsenicals on the activity of maltase. 


INVERTASE 


Table 4 demonstrates the activity of invertase of both the normal 
and the arsenic-fed beetles. Experiments 36 to 39 reveal no influence 
of arsenic on the activity of invertase. 


LIPASE 


Experiments 47 and 48 in Table 5 disclose no definite influence of 
arsenicals on the activity of lipase. 


PrRoTEOLyTIC ENZYMES 


The effect of arsenicals on the activity of proteolytic enzymes is 
shown in Table 6 by experiments 60, 69, and 71. Experiment 60 
shows no influence of arsenic on the activity of tryptic enzymes when 
insects were fed foliage sprayed with Paris green. Similarly, experi- 
ment 69 shows no effect of lead arsenate on the activity of tryptic 
digestion; and experiment 71, in which the tissue suspension was 1 
week old before testing, indicates no digestion whatever during the 
first 24 hours. Practically complete digestion occurred only in cer- 
tain tubes after 96 hours, a condition similar to that recorded in the 
case of beetles that were not fed arsenicals, as shown by experiments 
51 and 56. 

In other experiments not indicated in Table 6, the beetles were 
injected with Paris green or lead arsenate suspensions. In both cases 
complete inhibition of the activity of the proteolytic enzymes occurred, 
no digestion being recorded after 5 days’ incubation of the mixtures 
prepared. The greater inhibition of the activity of the proteolytic 
enzymes in the latter experiments was probably produced by the 
larger doses administered by injection. 
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DISCUSSION 


The failure of moderate doses of Paris green and lead arsenate to 
inhibit markedly the activity of the digestive enzymes of the potato 
beetle is not surprising in view of the results reported in the literature 
(1, 2, 3, 11, 12, 13, 14, 15) on the effects of arsenicals on the activity 
of commercial enzymes. It seems to be generally agreed that small 
doses of arsenic acid, arsenious acid, atoxyl, ammonium arsenite, and 
methyl arsenoxide have no inhibiting effect on the activity of any of 
the enzymes investigated and in some instances even exert:an activat- 
ing influence. Stronger concentrations of arsenical solutions (from 
2 to 10 per cent) caused retardation and complete inhibition of the 
activity of enzymes that attack disaccharides and proteins. 

In the present experiments potato beetles were poisoned in the 
same way as in earlier experiments on the effect of arsenicals on the 
respiratory metabolism of insects (6). It can therefore be concluded 
that arsenicals exert a more profound effect on cellular respiration 
than on the activity of digestive enzymes of the potato beetle. Con- 
sequently the writer is inclined to believe that the toxic action of 
arsenicals on insects can not be explained, even in part, by their effect 
on digestive enzymes. 


SUMMARY OF RESULTS 


With few exceptions, in the normal insect all the enzymes studied, 
namely, amylase, lactase, invertase, lipase, and the proteolytic en- 
zymes, were found only in the mid-gut and regurgitated liquid. In 
the exceptional cases it is believed that parts of tissue from the mid- 
gut may have adhered to the fore-gut and hind-gut during the process 
of dissection. This assumption is based on the fact that only a few 
experiments indicated digestion in either the fore-gut or hiud-gut and 
that the digestive activity of the enzymes in these instances was ex- 
tremely slight. 

It is quite clear from experiments herein reported that arsenic does 
not influence the digestive enzymes of potato beetles fed on sprayed 
foliage to the extent of inhibiting their normal activity. Ingeneral, 
when they are fed on foliage sprayed with an arsenical, there is but 
little retardation of the activity of amylase and tryptic enzymes, and 
none at all of enzymes active in the digestion of disaccharides and 
fats. However, the injection of arsenical suspensions directly into 
the insect mouth results in complete inhibition of the activity of the 
proteolytic enzymes. 
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A STUDY OF SEVERAL FACTORS IN THE SEPARATION 
OF SERUM FROM BOTTLED CREAM! 


By G. Matcotm Trout, Research Assistant in Dairying, and J. C. McCan, 
Graduate Research Assistant in Dairying, Michigan Agricultural Experiment 


Station 
INTRODUCTION 


The separation of a layer of skim milk, or serum, at the bottom of 
the bottle of cream is a defect of considerable importance to the 
market-cream distributor. The consumer naturally attributes the 
presence of this skim milk, even when an insignificant layer appears 
in whipping cream containing as much as 40 per cent butterfat, to a 
very low fat content. 

The greater portion of market cream is sold as table, or coffee, 
cream. Practically all of this grade of cream is standardized by the 
distributor to contain approximately 20 per cent butterfat. Any 
correlation by the consumer of the skim-muilk layer with the fat con- 
tent is especially undesirable because, as the distributor knows, many 
factors other than the fat content of the cream affect the volume of 
this serum layer. 

The frequency of this cream defect and the attendant complaints 
from customers, combined with a lack of definite information bearing 
directly on the problem, seemed to make a study of some of the factors 
incident to this problem desirable. 


REVIEW OF LITERATURE 


A survey of the literature reveals many data on the creaming of 
milk, but although very closely associated, few data have been col- 
lected which bear direc tly on the separation ‘of free serum from bottled 
cream. Many theories are current concerning the best methods of 
processing cream in the plant to reduce the prominence of this layer. 
Milk- plant practices in processing cream are based largely upon 
results obtained from cream-line studies of market milk and general 
observation in commercial plants. 

The settling out of a layer of skim milk from bottled cream, or rather 
the ‘creaming off”’ of cream, seems to be the result of a gr eater degree 
of enmeshing and orientation of the individual fat globules and fat 
clusters. As early as 1899 Farrington and Russell (2) * observed that 
the cream volume on milk was reduced after ‘he milk had been 
creamed for 48 hours. The reduction of the cream volume of milk 
following its initial formation was later observed by Dahlberg and 
Marquardt (1), Hammer (3), Judkin and Downs (4), Martin and 
Combs (5), Trout (6), and Whitaker et al. (8). 

The fat content of gravity cream has been observed (6) to range 
— 11.0 to 28.5 per cent, depending upon the nature : pa previous 

»atment of the milk and upon the conditions of creaming. Follow- 
ian the introduction of improved machinery and new methods, the 
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Michigan Agricultural Experiment Station. 7 
2 Reference is made by number (italic) to Literature Cited, p. 500. 


Journal of — al Research, Vol. 45, No. \ 
Washington, D. Oct. 15, 1932 
Key No, Mich.-18 
(483) 








484 Journal of Agricultural Research Vol. 45, No. 8 


standardization of table cream to approximately 20 per cent butterfat 
became the common practice of market-cream distributors. This 
seemingly low fat content of the standardized cream in comparison 
with that of some gravity cream secured under certain conditions has 
had its part in causing the cream distributor to homogenize his prod- 
uct, although the principal reason perhaps for homogenizing was to 
increase the viscosity of the cream, which gave it a heavier body and 
thus a richer appearance. However, beyond certain pressures of 
homogenization, as pointed out by Webb and Holm (7), feathering o! 
the cream resulted when homogenized cream was added to coffee. 
The procedure in many smaller milk plants in processing market table 
cream is that only of standardizing the fat content of the cream, and 
the homogenization process is entirely eliminated. This cream, when 
bottled and held at storage temperatures ranging from 35° to 40° F. 
for 24 to 48 hours, often revealed a serum layer, which was objection- 
able to the consumer for the reasons previously mentioned. 


SCOPE OF THE INVESTIGATION 


Few data are available that show the effect of the temperature at 
which the milk is skimmed upon the separation of free serum from the 
resulting cream, either before or after standardization. Likewise, 
there is little information regarding the effect of the heat treatment of 
milk previous to separation on the appearance of the serum layer. 
Practically all the effects noted as resulting from certain milk-plant 
operations have been concerned with the creaming of milk rather than 
with the stability of the cream once it has formed. The object of this 
study was to determine the effects on the stability of cream of various 
factors, such as heat treatment of milk and cream, standardization, 
viscolization, and the addition of gelatin and salts. 


METHODS 


Cream was obtained from mixed milk containing from 3.4 to 3.8 
per cent butterfat. This milk was secured each day from the same 
300-gallon pasteurizer in the college creamery after it had been filled 
with milk delivered by the same group of milk patrons. 

For the major part of the experimental work, for which only small 
lots of cream were required, the milk was separated in the experimental 
laboratory with a small electrically driven separator. Preliminary 
runs were made to determine the proper screw setting to yield, at the 
various temperatures, cream having approximately the desired per- 
centage of butterfat. One gallon of milk was allowed to run through 
the machine in order to temper the bow! before the samples of cream 
and skim milk were saved. Larger quantities of cream were obtained 
by separating milk with a larger separator in the college creamery. 
In one series of experiments, so far as possible, a 20 per cent cream 
was separated, while in another series approximately a 40 per cent 
cream was secured, which was later standardized back to 20 per cent 
butterfat by being combined with the skim milk previously separated. 

The milk, both fresh and stored, was skimmed at temperatures ex- 
tending from 60° to 145° F. before pasteurization, at 145° for 30 
minutes, and at similar temperatures following the pasteurization 
exposure. One series of experiments was conducted in which ex- 
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posures prior to separation of 145° for 30 minutes, 160° for 15 min- 
utes, and 180° momentarily following the 160° exposure were used. 

Four lots of raw cream which had been separated at 90° to 110° F. 
and standardized to 20 per cent butterfat were exposed for 30 minutes 
to temperatures of 145°, 150°, 155°, and 160°, respectively. Similarly 
standacdized cream secured from pasteurized milk was exposed to the 
same degree of temperature for the same length of time. The holding 
or vat method of pasteurization was used. 

Some of the cooling was done in the pasteurizing vats, some by 
placing the cream or milk in 1-gallon cans set in water and gently 
stirred at intervals, and some over a surface cooler. The product was 
cooled to 60° F. for standardization or for taking the samples. 

When trials were made with gelatin a high grade of commercial 
gelatin was used. The gelatin was mixed with 1 pint of cold water 
and heated in a tank of hot water until completely dissolved. The 
dissolved gelatin was then added to a 60-pound lot of milk in the pas- 
teurizer at 120° F. as the milk was being heated to 145° for separation. 

Various percentages of sodium carbonate, calcium chloride, mono- 
calcium phosphate, dicalcium phosphate, and sodium citrate were 
added to the cream. With the exception of dicalcium phosphate, 
which was not so soluble, these salts were made up so that 5 ¢ ¢ of the 
solution would give 0.1 per cent of the salt when added to a 500 ¢ ¢ 
sample of cream. Dicalcium phosphate was added as a saturated 
solution. 

The condensed milk used was a well-known commercial brand of 
sterilized unsweetened evaporated milk which had been concentrated 
approximately in the ratio of 2 to 1. The milk powder used, testing 95 
per cent solids, was made by the spray process and was obtained from 
a local manufacturer. The casein used was a commercial brand of 
soluble food casein. 

Samples of the cream were taken in order to determine the volume 
of the serum layer appearing in the cream, and also to observe the 
distinctness or attention-attracting power of this layer, as evidenced 
(1) by the sharpness of the line of demarcation between the layers, and 
(2) by the difference in the appearance of the cream and the serum 
layers as a result of the completeness of separation of the fat. It was 
believed at first that both observations could be made by setting the 
cream in standard 100 ¢ ¢ graduated cylinders which were used to 
determine the volume of the layer of free serum. Preliminary runs, 
however, showed that the distinctness of the serum layer was always 
much greater in bottles than in the cylinders. Samples were, there- 
fore, taken both in cylinders and in \-pint cream bottles; in the 
cylinders to determine the volume of the serum layer and in the 
bottles to observe the distinctness of this layer. The samples were 
taken after the cream had been cooled to approximately 60° F. The 
cylinders and bottles were then cooled in ice water to 40° and set aside 
for creaming. 

The milk and cream were stored in the cold-storage room of the 
creamery, which ranged in temperature from 35° to 40° F. All sam- 
ples set for creaming were placed in this room, with the exception of a 
few samples in that part of the experiment concerned with the effect 
of the temperature of creaming. In this study samples were set in ice 
water in the cold room at 32°, in an electric refrigerator held at a con- 
stant temperature between 39° and 41°, in cold running water main- 
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tained at 56°, and in a culture oven kept at 68° to 70°. Two drops of 
40 per cent formaldehyde were added to each pint of cream as a pre- 
servative, after preliminary study had showed that the addition of this 
preservative in considerably larger quantities had no noticeable effect 
on cream rising. 

All butterfat tests were made according to the Babcock method. 

The observations of creaming were made after 48 hours, except 
when it was necessary to study the results after 72 hours of creaming. 
Considerable difficulty was encountered in this part of the work, 
especially in observing the creaming in the cylinders, where the sep- 
aration of the layers was far less distinct than in the bottles. Sudan 
III was used in an attempt to make more accurate and more reliable 
readings possible but without success. A microscope light was tried 
in order to standardize the source of light for these observations. 
Preliminary work, however, showed that the best source of light was 
indirect sunlight, which was used in making all observations. 

The volume of the serum layer was recorded in terms of percentage. 
The degree of distinctness of the skim-milk layer was recorded by 
means of letters, as follows: A=wholly distinct; B=very distinct; 
C=fairly distinct; D=not very distinct; E=barely observable; F : 
no layer, but showing a different appearance between the lower and 
upper portions due to some separation of skim milk; and G=no evi- 
dent separation. 

The results of the work recorded represent averages in the majority 
of cases of at least six trials of every factor studied; in some cases 
the results of only four trials, while in others the averages of many 
more trials are recorded. <A total of 126 different lots of cream was 
prepared, treated, and observed. 


EFFECT OF THE HEAT TREATMENT OF THE MILK PRIOR TO 
SEPARATION 


FRESH MILK 


The temperature of the fresh milk at the time of separation was 
found to influence both the amount and the distinctness of the skim- 
milk layer, as shown in Tables 1 and 2. Separation of the milk at the 
receiving temperature, 55° to 65° F., gave a deeper serum layer than 
did separation at any of the higher temperatures. This difference 
was very evident in the bottled cream as well as in the cylinders. 
Temperatures of separation ranging from 90° to 180° were found to 
have little influence on the amount of the serum; although there was 
considerable difference in the distinctness of the layer. Separation 
at the receiving temperature, 55° to 65°, or at 90°, gave a considerably 
more distinct serum layer than did separation at 120° or above. 
At 145° the layer was more distinct than at 120°. This difference, 
however, was only slight and might have been due to the effect of 
heat on the milk during the time required for the separation process, 
since pasteurization at 145° for 30 minutes, as will be shown in the 
consideration of the effect of pasteurization, was found to increase 
the distinctness of the layer. 
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TaBLE 1.—Effect of heat treatment of fresh milk, prior to separation, on the volume 
and distinctness of the serum layer when low-test cream was secured 


[Average of six trials] 


Distinct- 


Lot = ” : Fat in Serum ness of 
Ne Heat treatment cream | layer serum 
layer 


Per cent | Per cent 


1 | Heated to 90° F. (check) 20. 8 1, 83 B— 
2 | Heated to 120° F e 19.5 2. 04 D 
Heated to 145° F 20. 6 2.0 c- 
1 | Heated to 145° F. for 30 minutes, then cooled to 120° 21.2 2. 1 C+ 
5 | Heated to 145° F. for 30 minutes, then cooled to 90‘ a 22.0 2.0 C+ 


TABLE 2.—Effect of heat treatment of fresh milk, prior to separation, on the volume 
and distinctness of the serum layer, when high-test cream was secured and 
standardized back to approximately 20 per cent butterfat 


[Average of six trials] 


“at ¢ Fat in Distinet- 
Lot eiatiiieniantan —_ pin ca stand- Serum meas at 
2 were * OL Se Da»re ) Tee s 
No. | em perature eparatl Pisco d ardized layer serum 
: . cream layer 


Per cent | Per cent | Per cent 


1 | 55-65° F : 50.4 | 20.4 2. 83 B 
2/ 90° F : 38. 5 19.9 2.2 | Bt 
3 | 120° F_. ° r 42.3 20. 1 2. 38 D— 
4 | 145° F j 2 41.8 20. 6 2.0 D 
) | 145° for 30 minutes -- ‘ : ; 44.4 20. 2 2.0 Cc-— 


The influence of the temperature of separation at 90° and 120° F. 
varied, depending upon whether the milk was being heated up to 
those temperatures or was being cooled from a higher temperature. 
Pasteurizing milk at 145° for 30 minutes, followed by subsequent 
cooling to 120° and 90° for separation, gave no appreciable difference 
in the distinctness or volume of the serum layer at the two tempera- 
tures. However, when the temperature of the milk was raised from 
the temperature at which it was received at the plant to 90° and to 
120°, separation at 90° gave a far more distinct cream line. 


STORED MILK 


The results of storing milk for 24 to 48 hours at 35° to 40° F. and 
separating the cream after slowly and carefully warming the milk to 
the various temperatures are given in Table 3. The temperature of 
separation of old milk was found to have little effect on the amount of 
the serum layer. The results indicate that the time of storing the 
milk at low temperatures had little influence upon the volume of 
the serum layer as compared to that obtained from fresh milk, except 
at 60°. A comparison of the data in Tables 2 and 3 shows that when 
old stored milk is separated at that temperature the serum layer is 
reduced to 2.07 per cent, whereas in the case of fresh milk it is 2.83 
per cent. The distinctness of the serum layers varied somewhat 
according to the temperature of separation. 

When the temperature of the old stored milk was raised to 80° to 
90° F. before separation the cream yielded showed a much more dis- 
tinct serum layer than when the separating was done at 60°. Sepa- 
rating old milk at 80°, 90°, 120°, and 145° revealed that there was little 
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difference between separating old milk and separating fresh milk at 
similar temperatures in regard to the distinctness of the serum layer. 
As with separating fresh milk, separating old milk at 120° gave a 
much less distinct layer than separating it at 80° or 90°. Raising the 
temperature from 120° to 145° before separating increased the dis- 
tinctness to a slight extent. 


TABLE 3.—Effect of heat treatment of stored milk, prior to separation, on the volume 
and distinctness of the serum layer 


[Average of eight trials] 


Fat in Fat in Distinct 
Lot mn : stand- Serum ness 0 
lemperature of separatior ‘ream : 
No perature of separation comes ardized layer serum 
cream layer 


Per cent | Per cent | Per cent 


1 | 60° F | 24.5 20.5 2. 07 Cc 
2/| 80° F | 20.2 20. 2 1.95 A 
3 | 90° F 20. 4 19.8 2.14 B+ 
4) 120° F : 19.3 19.3 1. 84 E+ 
5 | 145° F , 20.3 20.3 2.0 D+ 


PASTEURIZATION 


The results of separating milk after heating it to 145° F. momen- 
tarily, after pasteurizing it at 145° for 30 minutes, after pasteurizing 
it at 145° and cooling it to 120°, after pasteurizing it at 160° for 15 
minutes, and after raising the temperature of the milk pasteurized 
at 160° to 180° indicate (Table 4) that, with the exception of the milk 
pasteurized at 160° for 15 minutes, the pasteurization exposure had 
little influence upon the amount of the serum layer. When the milk 
was pasteurized at 160° for 15 minutes and skimmed at that tem- 
perature, a smaller volume of serum appeared in the resulting cream 
than appeared in that secured at any other temperature of pasteur- 
ization. These results are shown in Tables 1, 2, and 4. 


TABLE 4.—Effect of high temperature of fresh milk, prior to separation, on the 
volume and distinctness of the serum layer 


[Average of seven trials} 


Distinct 


Lot Fat in Serum ness 
sat tres , 
No Heat treatment cream layer | of serum 
layer 


Per cent | Per cent 


1 | Heated to 145° F. (check) 19.8 2.13 D 
2 | Heated to 160° F. for 15 minutes ; - 20.4 1. 76 Cc— 
3 | Heated to 160° F. for 15 minutes, then raised to 180° for separation 20.7 2.11 Cc— 


Heating milk to 145° F. and separating it immediately resulted in 
a less distinct serum layer than was obtained in the check sample 
secured at 90°. Pasteurizing the milk at 145° for 30 minutes made the 
serum layer more distinct than that secured when the milk was 
merely heated to 145°, but the layer was considerably less distinct 
than that secured in the check sample at 90°. Pasteurizing the milk 
at 160° for 15 minutes, or at this same exposure and then raising the 
temperature to 180° momentarily, before separating, gave a slightly 
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more distinct serum layer than was obtained when the milk was 
heated only to 145° momentarily. (Table 4.) 


EFFECT OF HEAT TREATMENT OF THE CREAM 


The results obtained by pasteurizing raw standardized cream and 
repasteurizing pasteurized standardized cream are given in Table 5. 
Pasteurizing raw cream at each of the 5-degree intervals from 145° to 
160° F. for 30 minutes yielded a serum layer of less volume but of 
greater distinctness than that in the raw cream. The different tem- 
peratures used between 145° and 160° apparently had no marked 
influence either on the volume or on the distinctness of the layer. 
One temperature was as satisfactory as the other. Approximately a 
1.9 per cent serum layer appeared in the cream obtained from the 
pasteurized cream, as compared with a 2.5 per cent serum layer in 
the cream obtained from the raw cream. 


TaBLE 5.—Effect of different temperatures of pasteurization of raw and pasteurized 
standardized cream on the volume and distinctness of the serum layer 


[Average of four trials} 


Lots in which cream and skim milk 
used for standardization were ob- 
tained from milk pasteurized at 145° F. 
for 30 minutes 


Lots in which cream and skim milk 
used for standardization were ob- 
tained from raw milk 


lemperature main- 
tained for 30 minutes 
Distinct-| Fat be- 


Fat be- Distinct- 


fore Fat after! serum ness of fore Fat after Serum ness of 
standard- : standard- : 
standard- isation layer serum | standard- ization layer serum 
ization : layer ization : layer 
Per cent | Per cent | Per cent Per cent | Per cent | Per cent 
Unpasteurized (check 47.5 20.0 2.5 D- 38.8 20.0 1.85 B- 
145° F 47.5 20.0 1. 95 C+ 38.8 20.0 1.95 B- 
50° F 47.5 20. 0 1, 98 C+ 
155° I . 47.5 20.0 1.9 C+ ee saith ore 
160° F__. 47.5 20.0 1,85 C+ 38.8 20. 0 1.8 B- 


Repasteurizing standardized pasteurized cream at 145° F., or at 
160°, for 30 minutes apparently had no appreciable effect either on 
the volume or on the distinctness of the serum layer, as shown by the 
results in Table 5. This cream was secured by mixing pasteurized 
whole milk with cream from pasteurized milk. 


EFFECT OF VARIATIONS OF THE MANY FACTORS CLOSELY 
ASSOCIATED WITH STANDARDIZATION 
HIGH-TEMPERATURE PASTEURIZATION OF THE MILK VERSUS HIGH-TEMPERATURE 
PASTEURIZATION OF THE CREAM USED IN STANDARDIZATION 

Lots of raw cream testing 38.5 per cent butterfat were standardized 
with raw skim milk and with skim milk pasteurized at 170° F. for 
20 minutes. Also lots of raw skim milk were used to standardize 
raw high-fat-content cream and similar cream pasteurized at 170° 
for 20 minutes. 
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TABLE 6.—Effect of high temperature of pasteurization of either the skim milk or 
cream, or both, before and after standardization 


[Average of six trials] 


Lots in which cream and skim 


Lots in which cream and skim milk used for standardization 
milk used for standardization | were obtained from milk | 
° F. for 30 


were obtained from raw milk teurized at 145 
| minutes 


Product and heat treatment « - 


Fat Fat Dis- Fat Fat | Dis 
before | after | ¢ | tinet- | before | afte ' | tinet 
vefore after Serum | @ et re for ifter Serum | * act 
stand- | stand- layer | ess of | stand- | stand- laver | Ness ' 
ardiza- | ardiza-| “"- serum | ardiza-| ardiza-| “* serul 
tion | tion | layer tion tion layer 
Cream pasteurized before standard- | Per cent) Per cent| Per cent Per cent| Per cent| Per cent 
ization 38.5 20.7 23 i C€ 44.6 | 20.0 2.47 D 
Skim milk pasteurized before stand- | 
rdization 638.5) 20.7] 2.45 *B > 44.6 | > 20.0 2.20| D 
Cream pasteurized after standard- 
ization 38.5 19.8 1.3 Cc- 44.6 | 20.25) 6.17 D 
| | 
* 170° F. for 20 minutes. > Percentage of fat in the cream. 


The data presented in Table 6 show little difference in the volume of 
the serum layers appearing in either of the standardized creams of 
which one or the other of the products used was heated to a high 
temperature. It will be observed that the detrimental effect was 
very great when the cream was pasteurized at 170° F. for 20 minutes 
after standardization. Similar results were obtained when the cream 
and skim milk were secured from pasteurized milk rather than from 
raw milk. 

When the skim milk was secured from raw whole milk and was 
pasteurized before being used in standardizing the raw cream the 
distinctness of the serum layer was much greater. 


STANDARDIZING PASTEURIZED CREAM WITH MILK PROCESSED IN VARIOUS WAYS 


High-test cream was standardized with raw whole milk, with pas- 
teurized whole milk, and with skim milk from pasteurized milk. 
The normal exposure of 145° F. for 30 minutes was employed. It 
will be observed from the data in Table 7 that no appreciable differ- 
ences occurred in the volume of the serum layer from the cream stand- 
ardized with the different milks, either raw or pasteurized. The 
distinctness of the layer, however, was very slightly less in every case 
when raw whole milk was used in the standardization than when 
pasteurized whole milk or pasteurized skim milk was used. 


TABLE 7.—Effect of standardizing pasteurized cream with raw whole milk, with 
pasteurized whole milk, and with skim milk from pasteurized milk 


[Average of five trials] 


Fat Fat Distinct 
before after ; { “ 
ot } s 
a Kind of milk used stand- Pres - rum hess of 
ardiza- ardiza- aye —— 
tion tion ay 


| Per cen Per cent | Per cent 
Raw whole. 


4 


1 45. 2 20.7 1, 88 C- 
2 | Pasteurized whole 45. 2 20.3 1. 98 C+ 
3 | Skim milk from pasteurized milk- eau 45. 2 20.4 2. 08 C+ 
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SEPARATING HIGH-TEST CREAM yo 4 STANDARDIZING BACK VERSUS SEPARATING 
OW-TEST CREAM 


The opinion seems to be current among milk-plant operators that 
high-test cream standardized back to a low fat content gives a greater 
serum layer than cream separated to contain a low fat content, which 
requires less standardizing. The data obtained in this experiment 
as presented in Table 8 show a tendenc y toward a higher volume of 
serum layers in the high-test cream standardized back to approxi- 
mately 20 per cent than in the cream separated as near 20 per cent as 
possible and not standardized. However, with many difficult read- 
ings due to the indistinctness of the serum layers in the cylinders in 
this experiment, definite conclusions can not be drawn. Apparently 
there was no significant difference in the distinctness of the serum 
layer in the standardized and unstandardized cream. 


TaBLeE 8.—Effect of standardizing high-fat-content cream back to approximately 
20 per cent butterfat with the corresponding skim milk obtained during the sepa- 
ration as compared with results on a 20 per cent cream as separated 


[Average of six trials] 


Cream standardized back to about 20 | Cream of about 20 per cent fat content 


per cent fat content as separated 
Temperature of 
separation Fat be- | pos atta Distinet-| Fat be- | poy on, 
fore bas amd Serum ness of fore pnd wane f Serum | Distinct- 
standard- ser layer serum |standard-|* ins He layer ness 
ization . layer ization — 
Per cent | Per cent | Per cent Per cent | Per cent | Per cent 
90° F 38.5 19.9 2.2 B+ 20.8 20.8 1. 83 B- 
120° F a 42.3 20.1 2 38 D- 19. 5 19.5 2. 04 D 
145° F 41.8 20. 6 2.0 D 20. 6 20. 6 2.0 C-— 


STANDARDIZING WITH WHOLE MILK VERSUS STANDARDIZING WITH SKIM MILK 


The data secured when raw cream was standardized with raw whole 
or with raw skim milk presented in Table 9, show little difference 
either in the amount of the serum layer or in its distinctness due to 
the factor of richness of the standardizing media. On the other 
hand, when pasteurized cream was standardized with pasteurized 
whole milk or with pasteurized skim milk, a serum layer of less volume 
appeared in the cream (Table 7) than when raw cream was standard- 
ized with raw whole milk or with raw skim milk (Table 9). This 
appears to substantiate the former results obtained showing that 
pasteurization decreased the serum layer. 


TABLE 9.—Effect of standardizing raw cream with raw whole milk versus standard- 
izing raw cream with raw skim milk 


[Average of six trials] 


Fat be- | n.;. | Distinct- 
Milk used fore o- pod Serum ness of 
BAUER tines standard-|* en layer serum 

ization - layer 


Per cent | Per cent | Per cent 
Whole. __- ‘s ~ ‘ oe nie 46.0 20.3 2.3 | Cc 
Skim..... ssi a“ ‘ » 46.0 | 20.8 2.5 | D 
| | } 
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STANDARDIZATION BEFORE VERSUS STANDARDIZATION AFTER PASTEURIZATION 


In studying the effect of standardization before as compared with 
standardization after pasteurization, raw cream was standardized 
with raw whole milk. This product was then pasteurized at the 
ordinary exposures. The results were compared with those obtained 
by standardizing previously pasteurized high-test cream with pas- 
teurized milk. It will be observed from the data shown in Table 10 
that the serum layer was somewhat greater in volume when the 
standardizing was done prior to pasteurization than when it was 
carried out after pasteurization. There seemed to be no marked 
difference in distinctness as a result of the two methods. 


TaBLeE 10.—Effect of standardizing cream before versus standardizing it after 
pasteurization 


[Average of five trials]- 


Fat , Distinct- 
, Fat after ' 
before sa Serum ness of 
\ ’ é £ ze ste ard- ‘ 
When standardized standard- — layer serum 
ization “ layer 


Per cent | Per cent | Per cent 
Before pasteurization 45. 2 20. 4 1.9 B-— 
After pasteurization 42.2 20.9 1.5 B- 


TEMPERATURE OF STANDARDIZATION 


Since the temperature of separation and pasteurization found to 
affect the distinctness and volume of the serum layer, it was thought 
possible that the temperature of the milk and of the cream at the time 
of mixing in standardization might have an influence on the volume 
and distinctness of the serum layer. However, the results of four 
trials, in which the milk and cream were mixed hot and cold in all 
possible combinations, showed that neither the temperature of the 
cream nor that of the milk had any appreciable effect on the amount 
or on the distinctness of the serum layer when raw cream was stand- 
ardized with raw skim milk. 

STANDARDIZING CREAM FRESH VERSUS STANDARDIZING IT AFTER 24 HOURS IN 
STORAGE 

The data secured indicate that a slightly greater serum layer formed 
when the cream was standardized fresn. However, standardization 
after storing gave a layer of considerably greater distinctness, as will 
be observed from the data presented in Table 11. 


TaBLE 11.—Effect of standardizing cream fresh versus standardizing cream after 
storing 24 hours 


[Average of seven trials] 


Fat Serum laver afte Distinetness of 
before | Fat after) erum layer after serum layer after 
Kind of cream standardized standard- standard- 


ization ization 
48 hours | 120 hours) 48 hours | 120 hours 


cent | Percent | Percent | Per cent 
Fresh , 42.7 19.8 1.91 4. 29 C- E+ 
42.7 19.9 1.75 3.71 B- c- 


Stored 24 hours at 35° F. 
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EFFECT OF MISCELLANEOUS CONDITIONS 
AGITATION OF CREAM AFTER STORING 


The cream was stored in the cold-storage room at 35° to 40° F. 
for 24 hours, after which it was agitated violently, to determine 
whether such agitation, after the fat was in a hardened condition, 
had any influence on the serum layer. The data secured are pre- 
sented in Table 12. It was found that agitation of pasteurized cream 
after it had been stored 24 hours very slightly increased the volume 
of the serum layer. Furthermore, agitation of the stored cream 
caused the formation of a more distinct layer. 





TABLE 12.—Effect of agilating standardized cream which had been stored 24 hours 
at a low temperature 


[Average of six trials] 


Temper- | Temper- Fat Fat Distinet 
ature of | ature of before after Serum ness of 
ritatior re . 

Agitation of cream separa- | pasteur- | standard-|standard- layer serum 

tion ization ization ization layer 

oF “F. Per cent | Per cent | Per cent 
Unagitated (check) 90-100 145 44.4 20. 1 2.1 C- 
Agitated after 24 hours at 35° F 90-100 145 44.4 20. 1 2.2 B- 


METHOD OF COOLING 


Since considerable data are found in the literature showing greater 
creaming when the milk is cooled rapidly, a study of this factor was 
made with pasteurized cream to determine the degree of separation 
of free serum. The rapid cooling was done over a surface cooler, 
while the slow cooling was accomplished by occasionally gently stir- 
ring the cream, which was set in a vat of cold water. The data ob- 
tained, as presented in Table 13, indicate that the speed of cooling 
pasteurized cream had little effect either upon the volume or upon 
the distinctness of the resulting serum layer. 


TABLE 13.—Effect of the method of standardizing and cooling cream 


Distinctness of 


Serum layer serum layer 


Temper- Fat Fat when when 
— 1 ature of before after 
When standardized rrials separa- | standard-| standard- 
—— meen ation | Surface) Vat |Surface| Vat 
cooled | cooled | cooled | cooled 
Num- 
ber F. Per cent | Per cent |Per cent| Per cent 
Before pasteurization 5 90-100 45.2 20.4 1, 88 1. 94 B-— C- 
After pasteurization 5 90-100 45. 2 20.9 1. 66 164) C+ Cc 
After cooling following pasteur- ’ 
ization 4 90-100 44.9 20.5 1.90 1, 83 C Cc- 


TEMPERATURE OF CREAMING 


The data presented in Table 14 show no appreciable difference 
either in the volume or in the distinctness of the serum layer when 
the creaming was attempted in ice water as compared with that 
secured at the cooling-room temperatures of 35° to 40° F. Later 
work, after an accurate, temperature-controlled, electric refrigerator 
had been obtained and the higher temperature constantly main- 
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tained at 39° to 41°, gave data which seemed to indicate that at 
ice-water temperature a slightly smaller serum layer was formed 
than formed at 39° to 41°. At higher temperatures the layers were 
even less distinct. The actual volume of the layers could not be 
observed in the cylinders as the line of demarcation was indistinct, 
but the volume of the serum layers in the bottles was larger at 56° 
and at 70°, the volume at the latter temperature being the greater. 


TABLE 14.—Effect of the temperature of creaming 


: Jistinectness of se . 
Fat Fat Serum layer when creaming I mi naga el — _ 
t of , , ft » was done in or at— , . = te in 
Temperature efore | alter or at— 


Trials | stand- | stand- 
ardiza- | ardiza- 
tion tion Iee | 35° 39° 


of separation 


¢ reo wieno wp! lee 35° IP — le @ in 
water|40° F.|41° F{58° F..70° F.) waterigo® F.\41° F.|98° F.\70° P. 
Number) Per cent| Per cent 
90° to 100° F 4 45.5 20.5 | 1.83 1.8 (*) (*) Cc Cc D- F+ 
145° F_ 5 36.0 20.0 | 1.86 2. 08 ‘ B B 


* Too indistinct for accurate reading. 
SFFECT OF DURATION OF TIME OF CREAMING 


The data secured indicate that as the duration of time of creaming 
was extended the volume of the serum layer increased. The dis- 


tinctness of the serum 

















serum layers in the cy!- 
| inders became less dis- 








s ; 

i layer increased for the 
IN first 72 hours; after 
W 4 that time its distinct- 
. ness diminished. It 
N Pa was difficult to deter- 
Sy . ; : 

7 mine the volume of the 

M LL serum layer, especially 
§ 2| LZ after 96 hours, as the 
N 
N 
N 
y 











7 tinct. The distinctness 
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2 #872 96 720 ¢@ 78 73 and then gradually 
TIME OF STORAGE (HOURS) decreased. Many ob- 

FIGURE 1,—Increase of — ~ (As ee in cream during stor- servations in the study 
of the various factors 

were made at the end of 96 hours, in addition to the observations at 
the end of 48 hours, as a check on the first readings. It was always 
very evident that the layer was less distinct after 96 hours. In 
studying the effect of storing the milk and cream a day before 
standardization, in which a comparison of the stored, standardized 
sample was made with the check sample set raw on the fifth and 
sixth days of creaming, respectively, it was found in every case that 
the serum layers were ‘considerably ‘less distinct after creaming had 
been going on for five or six days than after creaming had been 
going on only 48 hours. The serum layers were slightly more than 
twice as great in volume after the longer period of creaming. (Fig. 1.) 
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EFFECT OF VISCOLIZATION 





TEMPERATURE AND PRESSURE 


Raw standardized cream was viscolized at 145° F. and at 160° at 
pressures of 500, 1,000, 1,500, 2,000, and 2,500 pounds per square 
inch. The data presented in Table 15 show that low pressures 
reduced the creaming as compared with the unviscolized cream, and 
that the volume of the serum layer was reduced by increases in 
pressure until the layer was entirely eliminated. Since free serum 
was sometimes noted in the bottles when there was no apparent 
separation of the cream in the cylinders this was tabulated in the 
results. A “small layer’ indicates that an appreciable amount of 
separation took place and would probably be noticed by the cream 
buyer. A ‘“‘trace” indicates a very small layer often noticed only 
after careful observation of the samples, and would probably never 
be evident to the consumer. It was found that at low pressures at 
which the serum layer was not entirely eliminated, the small remain- 
ing layer was more distinct than in the check, the unviscolized 
samples. Viscolizing at 160° as compared with viscolizing at 145° 
generally gave a less distinct serum layer at low pressures, when a 
serum layer appeared. The layer was also usually entirely elimi- 
nated at a lower pressure when the milk was processed at 160° 
rather than at 145°, thus indicating that viscolization was more 
efficient at high than at low temperatures. Viscolizing raw cream at 
1,500 pounds pressure per square inch at 145° or 1,000 pounds 
pressure at 160° ordinarily eliminated the serum layer entirely or 
reduced the layer to such an extent that it would probably have 
passed unnoticed by the consumer. 


TaBLe 15.—Effect of viscolizing raw cream originally containing 45.88 per cent fat 
but standardized at 20 per cent at various pressures and temperatures 


[Average of four triais] 


Distinetness 
of serum layer 
when ¢ ! : 

oe Cream when cream 
was processed was processed 
s I “> oD t 0° 
yound at 145° F, at 145° F. at 160 


‘ ; distinctness 
Serum layer Serum layer P otnen lane 
| when cream when cream 
was processed — 
; : was processed 
Pressure used in viscolizing F. at 160° F 


per square inch) 


Unvis- | Viseo- | Unvis-| Viseo- | Unvis- | Viseo- | Unvis- | Viseo- 


colized | lized j|colized | lized olized | lized | colized | lized 


Per cent| Per cent Per cent|Per cent 
0 2.1 C- 1.75 Cc- 
500 (a) CcC— (a) E- 
1,009 " i (>) C= (a) ” KF 
500 (2) Cc— None. G 
2 000 None. F None G 
2.500 None. 


i | None. G 
* Too indistinct for accurate reading. +’ Small layer. 
ViscotiziInc Hicgu-Trest Cream 


Attempts to eliminate the serum layer by viscolizing high-test 
cream before standardizing it with unviscolized milk proved unsuc- 
cessful. However, the serum layer was always considerably reduced 
in volume by this treatment. On the other hand, this method gave 
a much more distinct serum layer, thus overc oming the advantages of 
the reduced volume. 
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VISCOLIZING ONLY A PORTION OF THE CREAM 


By mixing 10 per cent of cream, standardized to 20 per cent fat 
and viscolized at 2,500 pounds pressure with unviscolized cream 
testing 20 per cent fat, the volume of the serum layer was decreased 
from 2.1 to 1.18 per cent, or reduced approximately 44 per cent. The 
treatment had no significant influence on the distinctness of the layer 
as compared with that in the check samples which had not been 
viscolized. 


EFFECT OF THE ADDITION OF VARIOUS SALTS 


Sodium carbonate, sodium citrate, calcium chloride, dicaleium 
phosphate, and monocalcium phosphate were added in varying per- 
centages to cream in order to determine the effect of these salts on the 
separation of free serum. The cream used was separated from milk 
at temperatures between 90° and 100° F., was standardized from 
44.5 per cent butterfat to 20 per cent butterfat, and was pasteurized 
at 145° for 30 minutes. After the salts were added, the samples were 
held at 35° to 40° for 48 hours before observations were made. The 
results are given in Table 16. The addition of 0.1 per cent sodium 
carbonate considerably increased the volume and made the layer 
slightly more distinct than in the check samples. The addition of 
0.3 and 0.5 per cent decreased the volume as compared with that 
when 0.1 per cent was used, but a partial precipitation of the curd 
took place, as demonstrated by the clear whey which was left in the 
bottom instead of the usual serum. 


TABLE 16.—Effect of the addition of various salts to pasteurized cream containing 


20 per cent of butterfat 


{Four trials in each test] 


SALT ADDED BY WEIGHT, DRY 


Serum layer when indicated per- 


centage of salt was added 
Salts used 


Distinctness of serum layer 
when indicated percentage of 
salt-was added 


None 0.1 | 03 | 05 None 0.1 0.3 0.5 
Sodium carbonate 1.78 3.6 2. 28 1. 05 C- B— A+ 
Calcium chloride 1.78 1.75 1.75 1.75 C-— C- D D 
Dicalcium phosphate 1.78 195) 1.85 1. 88 c ( Cc Cc 
Sodium citrate 1.78 1.65 3. 33 3.45 Cc Cc- A+ A 


SALT ADDED AS CUBIC CENTIMETERS OF SATURATED SOLUTION 


Nene 5 15 25 


Monocalcium phosphate 1.78 2. 33 2. 25 


None § i 25 


CUBIC CENTIMETERS OF WATER ADDED, CHECKS 


None 5 15 25 


Check samples. sanaiadia 1. 78 


1,75 1, 85 1, 93 


None 5 15 25 


cC- C- Cn Cc 
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The addition of calcium chloride in the various amounts apparently 
had no marked influence on the volume of the serum layer, but the 
addition of 0.3 and 0.5 per cent resulted in the serum layer becoming 
less distinct. 

Dicalcium phosphate in the amounts added apparently had no 
measurable effect either on the size or on the distinctness of the 
serum layer. 

The addition of one-tenth of 1 per cent sodium citrate evidently 
had no marked effect either on the volume or on the distinctness of 
the layer, but adding 0.3 and 0.5 per cent markedly increased both 
the volume and the distinctness of the layer. This may have been 
due to a partial precipitation of the casein, for the serum was only 
slightly milky at the bottom. This indicated that the greater portion 
of the casein had been carried up with the fat. 

The addition of 5, 15, and 25 ¢ ¢ of a saturated monocalcium phos- 
phate solution increased the volume of the serum, especially in case of 
the most concentrated sample. This salt also reduced the distinct- 
ness of the layer to a slight extent, particularly when 15 ¢ ¢ and 25 
c ¢ additions of the solution were made. The 15 ¢ ¢ concentration 
caused a slight precipitation of the casein and the 25 ¢ ¢ concentration 
caused a considerable precipitation which was noticed during the 
agitation of the samples at the time the solution was added. 


EFFECT OF THE ADDITION OF GELATIN, EVAPORATED MILK, 
SKIM-MILK POWDER, AND SOLUBLE FOOD CASEIN 


Instead of being added to the cream, the gelatin was added to the 
milk prior to separation. The cream secured from the various lots 
was then compared after being stored at 35° to 40° F. for 30 minutes. 
Except when gelatin was added, the cream used in these experiments 
was separated from milk at 90° to 100°, then standardized from 45 
per cent butterfat to 20.5 per cent butterfat. Before the addition of 
the various substances, the standardized cream was pasteurized at 
145° for 30 minutes. After ine substances had been introduced and 
mixed the samples were stored at 35° to 40° for 48 hours before 
observations were made. 

GELATIN 


Some very interesting results were obtained by adding small 
amounts of gelatin to the milk prior to separation, as shown in Table 
17. It was found that by adding 0.1 per cent of gelatin, the amount 
of the serum layer was increased slightly, although accurate readings 
were difficult as this amount of the colloid gave a layer of considerably 
less distinctness than those in the check samples containing no gelatin. 
The addition of 0.2 per cent gelatin, however, caused a reduction of 
approximately 40 per cent in the volume of the serum layer as com- 
pared to that in the check sample, but the layer was much more 
distinct. Except in one trial in which a trace of a serum layer re- 
mained, it was found that adding 0.3 per cent of gelatin practically 
; 








eliminated and adding 0.4 per cent of gelatin always entirely elimi- 
nated the layer. 
142836- 


$24 
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TABLE 17.—Effect of the addition of gelatin to raw milk prior to separation 
[Average of six trials] 


| Distinet-|| 


‘e ‘ - Distinct- 

Gelat <— : Gels ore . 
—— Fat in Serum | ness of | prey | Fat in Serum | ness of 
to milk cream | layer serum || * milk | cream layer serum 

. layer : | laver 

| | 
Per cent | Per cent | Per cent | Per cent | Percent | Per cent 
None. 20.5 2.37; C+ 0.3 | 22. 5 None. G 
0.1 | 21.4 2. 66 D- 4 | 23.3 None, Ga 
9 1.9 1.42 


-2) 21. aad A | 


EVAPORTAED MILK AND SKIM-MILK POWDER 


Since it was understood that concentrated milk solids are frequently 
added to cream in some commercial plants in an attempt to control the 
serum layer in bottled cream, trials were made to determine the effect 
of adding evaporated milk and skim-milk powder. These were added 
at the rate of 0.5, 1.0, 2.0, and 5.0 per cent. The results are shown in 
Table 18. One-half of 1 per cent of evaporated milk had no marked 
influence either on the volume or on the distinctness of the serum 
layer. When larger amounts of evaporated milk were added, the 
serum layer decreased markedly both in volume and in distinctness. 
The addition of 5 per cent of evaporated milk eliminated the layer 
entirely. 

The results fail to show that skim-milk powder in any of the per- 
centages added had any influence on the size of the layer, although 
accurate observations were difficult when the larger amounts were 
added. No separation was evident in the cylinders when 5 per cent 
of the powder was added, but a layer was discernible in the bottled 
cream. It was apparent from the results that, although from 1 to 5 
per cent of skim-milk powder was an aid in lessening the distinctness 
of the serum layer, the addition of skim-milk powder did not eliminate 
the serum layer entirely, as did evaporated milk when added at the 
rate of 5 per cent. 


TABLE 18.—Effect of the addition of evaporated whole milk, skim-milk powder, 
and casein to pasteurized cream containing 20.5 per cent butterfat 


~ — distinctness of serum lave 
Serum layer when indicated per- Distinctness of serum layer 


eat warckagg te Fo arom . : | When indicated percentage 

. —— centage additions were made additions were made 

Substance added rrials 

10 0.5 1.0 ?.0 5.0 0 0.5 1.0 2.0 5.0 
Number | | 
Evaporated whole milk 2);2.0 | 20) 15) 1.5] None. | C— | ¢ » 4 G 
Skim-milk powder 2;20 | 20 | 2.0) 2.0 | Trace.| C— | C c-| Dp E 
Casein ; 4| 1.75 | . : |} 3.88| C- | | Cc 
| \ | 


CASEIN 


The results of four trials in adding 0.5 per cent of casein indicated 
that casein added in this amount increased the volume of the serum 
layer. The check samples had on an average a 1.75 per cent layer, 
whereas in the samples to which casein had been added the layer 
averaged 3.88 per cent. There also seemed to be a tendency for the 
layer to be more distinct, although this effect was not pronounced. 
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SUMMARY AND CONCLUSIONS 


From the data secured it appears that the separation of serum 
from bottled cream is a defect common to cream processed in the 
plant by the methods tested other than homogenizing or adding 
various substances. Separating the milk at 120° F. seemed to pre- 
vent, in part at least, the formation of a distinct serum layer, although 
the volume of serum layer remained practically the same irrespective 
of the temperature of separation. On the other hand, pasteurizing 
milk at 160° for 15 minutes prior to separation decreased the volume 
of the serum layer but had little effect upon the distinctness. Storing 
milk prior to separation caused no appreciable difference either in the 
volume or in the distinctness of the serum layer. 

It appears that pasteurization alone even at as high a temperature 
as 160° for 30 minutes fails to prevent the formation of a distinct 
serum layer. However, pasteurizing raw cream at 145°, 150°, 155°, 
or 160° F. for 30 minutes decreased the volume and increased the 
distinctness of the serum layer, there being no marked difference from 
the results obtained at any exposure. Agitating stored pasteurized 
cream had no significant influence upon the volume of the serum 
layer, but caused it to be more distinct. The speed of cooling 
pasteurized cream apparently had little effect upon the volume or 
upon the distinctness of the serum layer. 

The opinion has been current that this serum layer in bottled cream 
results from separating a high-fat-percentage cream and then stand- 
ardizing it back to the desired richness. It seems from the data 
obtained that neither the method nor the heat treatment of the 
medium used in standardization materially reduces the volume of 
serum layer or lessens the intensity of its distinctness. Standardizing 
the cream following pasteurization appears to be desirable in eliminat- 
ing, in part, the formation of a layer of serum but has little effect on 
its distinctness. 

The length of time cream is held in storage subsequent to bottling is 
an important factor in the formation of the serum layer. Cream held 
in storage longer than 48 hours after being bottled almost invariably 
shows an undesirable serum layer. The volume of the serum layer 
increased gradually at a decreasing rate as the cream was held. 
The distinctness seemed to increase for some 48 to 72 hours and then 
gradually decreased. An increase in the temperature of creaming 
above 32° F. increased the volume and decreased the distinctness of 
the serum layer. 

Viscolization at 160° F. and a pressure of 1,500 pounds per square 
inch appears to be equally as effective in preventing the formation of 
a layer of serum as 2,500 pounds pressure at 145° F. Mixing 10 per 
cent of cream viscolized at 145° F. with unviscolized cream reduced 
the layer about 44 per cent. The distinctness was not influenced to 
any marked extent. 

The salts added gave various results. Dicalcium phosphate 
apparently had no influence either upon the volume or upon the 
distinctness of the layer. Calcium chloride, while having no apparent 
effect upon the volume, decreased the distinctness to some extent. 
The other salts added, sodium citrate, sodium carbonate, and mono- 
calcium phosphate, apparently did not influence “creaming off” until 
amounts were added that partly or totally precipitated the casein. 
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The addition of 0.3 per cent gelatin to the milk prior to separation 
appears to prevent entirely the formation of a layer of serum in the 
cream secured. Likewise, the addition of 5 per cent evaporated whole 
milk to the cream entirely eliminated the serum layer. No separation 
was evident in the cylinders when 5 per cent skim-milk powder was 
added, but a layer was discernible in the bottled cream. It was 
apparent that although 1 to 5 per cent skim-milk powder was an 
aid in lessening the distinctness of the serum layer, it did not eliminate 
the layer entirely as when 5 per cent evaporated whole milk was added. 
These additions to milk and cream, although in some cases attaining 
the desired purpose, should be considered as adulterations, and as such 
are not to be recommended. 

The appearance of a serum layer seems to be a defect common to 
most cream processed without homogenization or additions. By 
bottling the cream not longer than 36 to 48 hours before final dis- 
tribution the formation of the serum layer is usually kept at a mini- 
mum. Pasteurizing the milk intended for skimming at 160° F. for 15 
minutes, separating at 120° F., and standardizing to the desired per- 
centage with pasteurized whole milk seems to yield a cream in which 
the smallest serum layer of least distinctness forms. 
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INHERITANCE OF RESISTANCE TO BUNT, TILLETIA 
TRITICI, IN HYBRIDS OF WHITE FEDERATION AND 
ODESSA WHEAT ' 

By Frep N. Bricas 


Assistant Agronomist, California Agricultural Experiment Station 


INTRODUCTION 


The inheritance of resistance to bunt, Tilletia tritici (Bjerk.) Wint., 
: has been reported for hybrids between susceptible varieties of wheat 
and the resistant varieties Martin (1),2? Hussar (1, 2), White Odessa 
(3), and Banner Berkeley (4). The present paper deals with the in- 
heritance of resistance to bunt in hybrids between susceptible White 
Federation and resistant Odessa wheats. Data are also included from 
Martin < White Odessa which were not available for the earlier 
publication on White Odessa (3). 


METHODS AND MATERIALS 


The parental material and hybrid populations were grown in the 
field at University Farm, Davis, Calif. The methods of handling 
and the inoculum used have been described in previous publications 
(1, 2, 3, 4)8 This bunt has been designated as physiologic race III 
of Tilletia tritici, by Reed (7). 

The resistant parent was obtained in 1919 under the name of Gold- 
coin but was later identified as Odessa, by J. A. Clark, Division of 
Cereal Crops and Diseases, United States Department of Agriculture. 

That Odessa is very resistant as compared with White Federation 
may be seen in Table 1. 


TABLE 1.—Annual percentage of bunt infection in the parent wheat varieties 


Percentage of bunted plants in— 


Variety - 
1920 1921 1922 1927 1928 1929 1930 | 1931 
| 
Odessa F 0.6 0 0.7 0 0 Oo | 0 
Martin__. cane . " 0 0 0 0 0 0 0 0 
White Federation . janine = 88.7 51.6 58.3 66. 6 68.9 78. 6 62. 2 44.9 


[t is not known just why Odessa produced a little bunt during 1920 
and 1922 but has been bunt free in other years when grown under 
similar conditions and inoculated with bunt from the same original 
source. Similar results were obtained with White Odessa (3) and 
Banner Berkeley wheats (4). Such small amounts of bunt are of little 
importance. Martin has been completely resistant during the entire 
period. 


Received for publication Dec 21, 1931; issued October, 1932. 
? Reference is made by number (italic) to Literature Cited, p. 505. 
’ Brices, F. N. INHERITANCE OF RESISTANCE TO BUNT, TILLETIA TRITICI, IN CROSSES OF WHITE FEDERATION 
WITH TURKEY 1558 AND TURKEY 3055. Unpublished manuscript. 
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tXPERIMENTAL RESULTS 


Some of the F, seeds of all crosses were treated with copper car- 
bonate to protect them from bunt infection in order to grow seed for 
the F; generation. The rest of the F, seeds were inoculated’ with 
bunt and grown the following year along with the F; rows. 

F, data do not permit a satisfactory Mendelian analysis because 
some susceptible plants usually escape infection. Also heterozygous 
resistant and homozygous resistant plants occasionally may become 
infected. F, data do indicate, however, the percentage of bunt 
to expect in F; rows of the same genotype. Accordingly, the results 
are given in Table 2. 


TABLE 2.—Percentage of bunted plants in the parents and F» of the crosses named 
when grown tn the field at Davis, Calif. 


| 


Parent or cross | Po andl phone Plants bunted 

| | 

| | Number | Number | Per cent 
Odessa--....- = inane siaidhan o - ‘ 1930 | 412 0 0 
Martin_. ‘aint 1930 | 141 0 0 
White Federation _- : 1930 | 546 334 61.2 
Fo White Federation X Odessa. " P oe 1930 1, 161 175 | 15.1 
F3; Martin X Odessa...............--- ‘ede | 1930 658 0 0 
White Odessa. ._--- hades f 1931 143 0 0 
Martin_- ke 2 ; paanes | 1931 159 0 0 
White Federation 2 Sinden 1931 648 291 44.9 
F2; Martin X White Odessa____-. : a dima 1931 359 0 0 


There was an average of 15.1 per cent of bunted plants in the F, 
of White Federation x Odessa, which is considerably less than the 
25 per cent expected on the basis of a single dominant factor for 
resistance. Martin X White Federation produc ‘ed 17.2 per cent of 
bunted plants in F, (1). At that time it was shown that enough sus- 
ceptible plants had escaped infection to bring this figure into satis- 
factory agreement with the 25 per cent expec ted. The F, data, then, 
indicate that Odessa differs from White Federation in a single domi- 
nant factor for resistance to bunt, and that heterozygous F; rows 
should contain an average of about 15 per cent of bunt. 


PaBLeE 3.—Distribution of parent and F3 rows of the crosses named into 5 per cent 
classes for bunt infection, when grown at Davis, Calif. 


; | 
Distribution of rows of wheat plants having a bunt infection (per | 
cent) of— 


Total 
Parent or cross Year l os 
ewe 1 | 5 | 10| 15] 20| 25} 30| 35] 40| 45] 50| 55| 60 65| 70} 75) 80} 85 {PEF ° 
0 | to| to} to} to} to} to} to} to! to to} to} to} to} to to to| to} to} rows 
15/10 15| 20 25 | 30 | 35) 40 | 45) 50) 55 =| 65 | | 75 | 80) 85 90 | 
| | | 
& } | 
White Federation 1930 5 ; } a oven Gat 2 at Tab 2 
Odessa - - : 1930 | 10 sh : ; a OR Se 
Martin 1930 4 a SE Eh OE Se Se ee | = ‘ 4 
White Federation xX } . Fy Fs | 
Odessa 1930 51] 18| 14) 42) 50] 29] 7} 4] 8} 2) 13 17, 10, 9 14 6 6 1 1 302 
ee & Olean. 1930 | 149 a § Ro Te Se Se Se a mee Ss ie 149 
Martin EE GF BS ee ae BO OM WER Ee A eS Gl Se A Se, ee Hl 
White Odessa... ------- } 1931 4\_. : oe oS es S ae ee Se & 4 
White Federation 1931 SRS ME oe 3 1 4 & 8 2 YW Ve... me 20 
Martin X White | 


Odessa_..-.-..-.- 1931 | ~ 2 ee wa! 
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The F, of Martin < Odessa was free from bunt, indicating that 
Odessa has the same factor for resistance to bunt as Martin F, data 
of Martin X White Odessa indicate that White Odessa also has the 
Martin factor. 

Obviously, the classification of F, plants on the basis of the be- 
havior of their progeny in F; rows is more reliable than classification 
in F,. F; rows contained from 30 to 60 plants. These data are 
recorded in Table 3. 

The rows having from 0 to just less than 5 per cent of bunted plants 
were separated into those with no bunted plants and those with some 
but less than 5 per cent of bunted plants, because of the special in- 
terest in the former. The nature of the distribution may be seen more 
readily in Figure 1. The numbers of rows under the three modes are 
in close agreement with the 1:2:1 ratio. As in the crosses with Mar- 
tin, White Odessa, and Banner Berkeley the first minimum fell at 
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BUNT INFECTION (PER CENT) 
FIGURE 1.—Distribution of Fs rows of the cross White Federation X Odessa into 5 per cent classes 
of bunt infection 
7.5 per cent of bunted plants. The division between the heterozygous 
and the susceptible rows is not so sharp but has been somewhere near 
50 per cent of bunt infection, falling at 42.5 in this case. As divided 
by these minima there were 76 resistant, 148 heterozygous, and 78 
susceptible rows where 75.5, 151.0, and 75.5, respectively, were ex- 
pected. The susceptible rows had an average of 60.1 per cent of 
bunt while 12 rows of White Federation averaged 62.2 per cent. The 
heterozygous rows averaged 18.5 per cent under the same conditions 
under which 30 F, rows produced 15.1 per cent of bunted plants. 

No doubt some rows are classified incorrectly by accepting these 
minima as the points of division between phenotypes. Duplicate 
plantings were made of 53 F; rows and their classification was com- 
pared, using the minima established by the entire F; as the points of 
division between phenotypes. The second planting was made in the 
same nursery but at some distance from the first. The results are 
shown in Table 4. 
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TABLE 4.—Percentage of bunted plants in duplicate plantings of F3; row of White 
Federation Odessa 


Percentage of Percentage of Percentage of | Percentage of 
bunt | bunt bunt bunt 
Row || Row | Row Row 
No. | No. No. No. 
Series | Series | Series | Series | Series | Series Series | Seri 
1 2 Pa 2 = 2 } 1 2 
1 48.3 67.5 15 1.6 0 28 54.8 60.3 41 20.3 17 
2 0 2.3 16 17.2 11.3 || 29 16.7 19.6 || 42 51,2 3. 6 
3 0 0 17 14.3 14.8 || 30 0 2.0 43 21.0 21 
i 23. 1 11.8 || 18 3.9 1.7 || 31 20.0 14.0 44 0 0 
5 66.7 53.2 || 19 47.5 52.5 || 32 19. 6 22.8 45 8. 5 7.4 
6 33.3 45.3 || 20 54.3 61.8 || 33 17.1 29.6 || 46 0 0 
7 7.8 20.0 || 21 66. 7 53.8 || 34 60.0 54.7 47 20. 4 9 
s 16.4 13.5 22 23.5 14.8 35 25.5 23. 6 48 13.0 20 
Q 0 0 23 12.7 27.5 || 36 0.0 1.7 49 12.8 21 
10_. 12.3 18.6 24 1.7 3. § 37 15.6 7.3 50 25.0 18 
11 13.7 22. 4 25 68.4 67.2 38 18, 2 19. 1 51 35.5 10.4 
12 16.7 9.8 || 26 0 0 39 0 0 ae 0 0 
13 14. 1 15.5 || 27 27.5 8.8 || 40 2.4 | 2.7 53 14.3 20.0 
14 49.1 44.8 


In a number of cases the actual percentages of bunt vary consider- 
ably between series 1 and series 2, but in many cases they are in close 
agreement. The average percentage of bunt in the first series is 21.9 
and in the second 21.7. The classification in the second series differs 
from the first in only two cases. No. 6 changed from heterozygous 
to susceptible and No. 37 from heterozygous to resistant. A similar 
experiment was made with 36 F; rows of White Federation X Banner 
Berkeley. The data are very similar to those in Table 4, even though 
the first planting was made in 1929 and the duplicate planting in 1930. 
The classification differed in only one case. No. 28 was classified as 
heterozygous in 1929, but as resistant with 7.3 per cent of bunt in 
1930. These duplicate plantings indicate that the minima indicate 
the division between phenotypes quite accurately. 

The classification of F, plants, determined on the basis of the per- 
centage of bunted plants in F; rows, shows that Odessa differs from 
White Federation in one main dominant factor for resistance to bunt. 
That this factor is identical with the factor in Martin wheat is evi- 
denced by the fact that there was no bunt in the F, or 149 F; rows of 
the Martin x Odessa cross. 

In an earlier publication (3) it was shown that White Odessa differed 
from White Federation in one main dominant factor for resistance to 
bunt, which was similar in its effect to the Martin factor. The factor 
for resistance to bunt in White Odessa is identical with the factor in 
Martin. 

DISCUSSION AND SUMMARY 


The literature discussed in earlier publications will not be repeated 
here. Recently, Churchward (5) has reported that Florence differs 
from Hard Federation in one main factor for resistance to bunt. This 
is of special interest because Florence is a parent of Ridit, which is 
very resistant to bunt, and was selected from a cross of Turkey x 
Florence, by Gaines (6). The writer* has found that Turkey differs 
from White Federation in one main factor for resistance. Unless 
there are some factors in Turkey or Florence which are not apparent 





‘Briggs, F.N. Op. cit. (See footnote 3.) 
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in the presence of the physiologic forms of bunt used in these experi- 
ments, Ridit should not contain more than these two factors for resist- 
ance to bunt. However, unpublished data from crosses of Florence X 
White Federation and Florence x Big Club, grown at this station, have 
yielded data which the writer has not been able to analyze satisfactorily 
for Mendelian ratios. This may indicate the presence of a large 
number of modifying factors or possibly multiple factors. These 
points are being investigated. A difference in bunt might give different 
results. The bunt used at Davis is the one designated as physiologic 
race II] of Tilletia tritici, by Reed (7). 

Odessa and White Odessa, like Martin and Banner Berkeley, 
may be designated as M Mhh. Hussar is of the MM H H constitu- 
tion. The proper designation for Turkey 1558 and Turkey 3055 is not 
known at present. They each contain a single factor for resistance 
which is similar in effect to the second Hussar factor H H. 
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THE EFFECT OF ARTIFICIAL DRYING ON THE AVAILA- 
BILITY OF THE NUTRIENTS OF ALFALFA HAY: 


By KE. B. Hart, Professor of Agricultural Chemistry, O. L. Kine, Assistant in 
igricultural Chemistry, and G. C. Humpurey, Professor of Animal Husbandry, 
Wisconsin Agricultural Experiment Station? 


INTRODUCTION 


Recently there have come into practical use a number of driers 
designed for the rapid desiccation of large quantities of green plant 
tissue. Naturally the question of the availability of the nutrients 
of such dried hays as compared with those of hays cured in the 
ordinary way becomes important. 

One of the first driers used in this country for the desiccation of 
green plants was the Mason drier. In this machine the period of 
drying is from 30 to 35 minutes, and the temperature of the heated 
air as it passes from the furnace to the drying tunnel is 127° to 129° C. 
Later the Koon drier came into use. A Koon drier, established on 
the farm of Howard T. Green at Genesee Depot, Wis., was used 
there experimentally for a number of years. The maximum tem- 
perature to which plants were exposed in the process of drying and 
the time of exposure were definitely measured. The time consumed 
in the drying process was not more than one minute. The highest 
temperature recorded for fresh green material was 480° to 535° C. 
with an exposure of 40 seconds. Where the material had already been 
partly dried lower temperatures were used at the inlet. Such high 
temperatures of the drying gases must be used in the evaporation of 
the water without subjecting the dry matter itself tothem. In spite 
of the high temperatures the hay comes out of the drier retaining a 
pea-green color. It was not known, however, whether these temper- 
atures had rendered unavailable certain valuable constituents of the 
plants, and it was to determine the effects of this method of drying 
on the availability of important nutrients that the experiment herein 
reported was undertaken. 

Studies have been carried out on the effect of the Mason drying 
process on the vitamin A and D content of alfalfa.® Russell found 
that alfalfa cured by the Mason process was seven times as potent 
in its vitamin A content as field-cured hay, but that it was very low 
in vitamin D—as would be expected when compared with alfalfa 
cured in the sun. Hauge and Aitkenhead* also found that alfalfa 
dried in artificial driers, at a much higher temperature than that 
used in the Mason drier, was still rich in vitamin A. They say: 
“Even a temperature as high as the hot flue gas used in one of the 
machines, or the sterilization temperature of the autoclave, was not 
destructive.”” No mention is made of the type of drier used. 


1 Received for publication Mar. 4, 1932; issued October, 1932. 

2 The writers’ thanks are due Howard T. Green, of Brook Hill Farms, Genesee Depot, Wis., for making 
this investigation possible. 

* RUSSELL, W. C. THE EFFECT OF THE CURING PROCESS UPON THE VITAMIN A AND D CONTENT OF 
ALFALFA. Jour. Biol. Chem. 85: 289-297. 1929. 

4 HAUGE, 8S. M., and AITKENHEAD, W. THE EFFECT OF ARTIFICIAL DRYING UPON THE VITAMIN A CONTENT 
OF ALFALFA. Jour. Biol. Chem. 93: 663. 1931. 
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EXPERIMENTAL PROCEDURE 


Three lots of second-growth alfalfa hay, cut from the same field 
were prepared at the Brook Hill farm. The hays were cured in 
three different ways: Hay No. 1 was cut on August 1, 1930, and 
dried immediately in the Koon drier. Hay No. 2 was cut at 2.30 
p. m., July 31, raked into a windrow late in the afternoon, hauled 
just before noon on August 1, and dried in the artificial drier. This 
hay had lost about 40 per cent of its moisture before it was actually 
dried in the drier. Hay No. 3 was field cured, cut on August 13, 
at 3 p. m., raked into windrows on August 14 about 1 p. m., and 
cocked about 4.30, August 14. This hay was hauled August 20, cut 
with a silage cutter, and blown into bags. 

The hays, cut and bagged, were delivered to the experiment station. 
All were a rich pea-green color. Studies on the digestible dry matter, 
digestible protein, and available calcium were made with three high- 
producing Holstein cows that were in the early part of their third 
lactation period. The metabolism experiment was begun February 5, 
1931. Cow No. 1 freshened January 15, 1931; cow No. 2 freshened 
December 22, 1930; and cow No. 3 freshened December 20, 1930. 
All developed into heavy milkers—that is, they produced 50 to 60 
pounds of milk daily. 

The ration used consisted of 10 pounds of the alfalfa hay, 25 pounds 
of corn silage, and for every 3 to 3% pounds of milk 1 pound of a 
grain mixture made of 59 parts of yellow corn, 25 parts of wheat bran, 
15 parts of oil meal, and 1 part of salt. 

In the first period of three weeks the animals were fed hay 1 (dried 
immediately); in the second period of three weeks, hay 2 (partly 
field cured and then dried in the drier); and in the third period of 
three weeks, hay 3 (sun cured in the field). 

Quantitative collection of the excreta and quantitative collection 
of the milk, with a complete analysis of income and outgo, particu- 
larly in reference to calcium, digestible dry matter, and digestible 
nitrogen, were made. During the course of the experiment the feed 
consumption by the animals was complete, except in the ninth week, 
when cow 2 left some residue. 


EXPERIMENTAL DATA 


Table 1 gives the record of digestibility of the dry matter. A 
study of this table indicates that the coefficients of digestibility of the 
dry matter of the three hays were very much alike. Apparently 
drying at a high temperature for 40 seconds had in no way impaired 
the availability of the dry matter of alfalfa for the cow. 














TABLE 1. 





Week No. 
fl 
i 
l 
3 
Average 
4 
6 
A verage 
- 
, 
8 


cance. 








A verage_. 


of this particular drier. 
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-Data on digestibility of dry matter in alfalfa dried and cured in different 
ways 


PERIOD 1—HAY 


Cow 1 Cow 2 
Coef- 
ry ry icient ry ry : 
Dry Dry Differ-| ficien Dr Dry Differ- 
matter|matter ence | ° di- |matter|matter ence 
intake |in feces gesti- | intake |in feces 
bility 
Grams Grams |Grams | Per ct. Grams |Grams |Grams 


91, 286) 26,461) 64,525) 71.0) 88, 516 
91, 286) 25, 530) 65, 756 72.0) 88, 516 
91, 286) 27, 179) 64, 107 70. 2) 88, 516 
71.0 
PERIOD 2—HAY 2 





90, 427; 26, 713' 63,714 70. 4) 87, 662 
90, 427| 25, 764! 64, 664 71. 5) 87, 662 
90, 427) 26, 235, 64, 192 71.0 87, 662 
71.0 
PERIOD 3—HAY 3—(AI 
j 
90, 538) 24,646) 65,892} 72.7| 87,784 
90, 538, 27,113) 63, 425 70. 0) 87, 784 
90, 538) 26, 309) 64, 229 70. 9| 87, 784 
71.2 


* Cow off feed. 


25, 558! 62, 958 
24, 948) 63, 568 
24, 617) 63, 899 





(ALFALFA PARTL 


26, 617! 61, 045 
23, 976) 63, 686 
26, 114) 61, 548 


sFALFA SUN 


25,017) 62, 
26, 840) 60, 
18, 688 69, 


767 
944 
096 


Coef- 
ficient 
of di- 
gesti- 
bility 


Dry 


1 (ALFALFA DRIED IMMEDIATELY) 


Cow 3 


Dry 


matter|matter 
intake |in feces 


Differ- 
ence 


Per ct..Grams |Grams |Grams 


71.1 
ls 
2.1 


91, 286 
91, 286 
91, 286 


Y CURED) 


69. 6 
72. 6 
70. 2 


70.8 


90, 427 
90, 427 
90, 427 


CURED) 


71. 5) 90, 538 


69. 4 
(*) 


70.4 


Table 2 gives a record of the digestible nitrogen. 
of this table shows that the protein and other nitrogenous complexes 
of the hay were not rendered unavailable through the heat treatment 
One might interpret the records of cows 1 
and 3 as indicating a slightly lower availability of the protein in the 
hay that was immediately dried as compared with that in the sun- 
cured hay, but the differences are too slight to be of any real signifi- 
In the case of cow 2 the availability of the nitrogen in the 
three periods was practically identical. 


90, 538 
90, 538 





27, 187 
28, 093 
28, 745 


29, 731 
28, O80 
27,044 


27, 294 
28, 482 
28, 189 


64, 009 
63, 193 
62, 541 


60, 696) 


62, 347 
63, 383 


63, 244 
62, 056 
62, 349: 


Coef- 


ficient 


of di- 
gesti- 
bility 


Per ct. 


70. 
69. 


68. 5 


69. < 


67. 


69. 


68. 


69. 


tn a0 


tot 


wl 


A careful study 
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TaBLe 2.—Data on digestibility of nitrogen in alfalfa dried and cured in differcnt 
ways 
PERIOD 1—HAY 1 (ALFALFA DRIED IMMEDIATELY) 



















Cow 1 Cow 2 Cow 3 

Week T ats Coef- | m4, Coef- | +... Coef- 
No. a Nitro-| Nitro- | ficient =e Nitro-| Nitro- | ficient be Nitro-| Nitro- | ficient 
gen | %en in | gen di-| of di- sen, (| SON in| gen di-| of di- ven | en in | gen di- | of di- 

intake feces | gested | gesti- intake feces | gested | gesti- int ake feces | gested | gesti- 

. bility " bility ? bility 

Grams |Grams | Grams | Per ct.| Grams |Grams | Grams | Per ct.| Grams |Grams | Grams | Per ct. 
3 2,315. 95) 642. 60/1, 673. 35 72. 2.2, 229.85) 666. 60/1, 563. 25 70. 1:2, 315. 95) 773. 14)1, 542. 81 66.6 
2. 2, 315. 95) 612. 70)1, 703. 25 73. 1\2, 229. 85) 631. 80/1, 598. 05 71. 6/2, 315. 95) 719. 96/1, 595. 99 68.9 
Care 2, 315. 95) 639. 00) 1, 676. 95 72. 4\2, 229. 85) 640. 80)1, 589. 05 71. 3)2, 315. 95) 827. 68/1, 488. 27 64.3 
Average ces ae 72.6 = Sas 71.0 paretlbncateliicd 66.6 

PERIOD 2—HAY 2 (ALFALFA PARTLY CURED) 
a 598. 20)1, 781. 31 74. 9/2, 293. 41) 686. 88) 1, 606. 53 70. 0 2,379. 51, 798. 75/1, 580. 76 66.5 
5 639. 00 L, 740. 51 73 93.41) 642. 82)1, 650. 59 71. 9,2, 379. 51) 793. 49)1, 586. 02 66.6 
6 613. 80)1, 765. 71 74.2 93.41) 645. 84/1, 647. 57 71. 8)2, 379. 51) 685. 26)1, 694. 25 71.2 
Average - ae LS See ) ikaaki i % a 68. 1 
PERIOD 3—HAY 3 (ALFALFA SUN CURED) 
ibis eetniicantaneeamianamaedtts - = 
ve 2, 564. 60\1, 799. 02 76. 1/2, 2 2. 74/1, 590. 88 67.2 
s 591. 00/1, 772. 62 75. 0)2. 5 . 0 2, 363. 62 3. 26,1, 590. 36 68.9 
y 2, 552. 60/1, 811. 02 76. 6\2, 277. 5% 9: ‘ 2, 363. 62 8. 50\1, 615. 12 68.3 
Average ' . adnati 75. 9}. 


* Cow off feed. 


In Table 3 are given the records of the calcium metabolism of the 
cows during the three periods, as well as the weekly milk production. 
As is usually the case with cows in the early part of lactation, especially 
liberal producers, these animals are in negative lime balance. The 
results recorded here are in harmony with previous observations in 
calcium metabolism work with cows. There is no indication, however, 
that the different treatments to which the hays had been subjected 
materially influenced the availability of the calcium. The calcium 
in the immediately dried hay appears to have been a little more readily 
assimilated, but the difference is very slight. 


TABLE 3.—Calcium balance and milk production of three cows when fed alfalfa hay 
which had been dried and cured in different ways 


COW 1—PERIOD 1—-HAY 1 (DRIED IMMEDIATELY) 





a ee a Total Total " . Weekly 

oe } creted | take ; duction 

Grams | Grams | Grams Grams Grams | Pounds 
1 708. 29 251. 57 7.59 | 967.45 895.28 | —72.17 432.8 
Dee 699. 93 246.49} 15.61) 962.03 | 895.28 | —66.75 | 448.7 
3 733. 28 | 233. 96 | 10. 49 | 977. 73 | 805. 28 —2. 45 | 422.4 

| | | | | 
| | | 
COW 1—PERIOD 2—HAY 2 (PARTLY SUN CURED) 

1 677. 06 251. 39 9. 96 938. 41 803.71 | —134. 70 436.0 
5 . 672. 95 254. 82 | 9. 95 937. 72 803.71 | —134. 01 412.7 


6 , ” 669. 17 250. 43 | 6. 50 926. 10 803. 71 — 122. 39 427.6 
| | 
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TaBLe 3.—Calcium balance and milk production of three cows when fed alfalfa hay 
which had been dried and cured in different ways—Continued 


COW 1—PERIOD 3—HAY 3 (SUN CURED) 


Total | Total Weekly 





Week No, ‘ hy ' pt Ay — CaO ex- | CaO in- . — milk pro- 
: creted take ; duction 
H Grams Grams Grams Grams Grams Pounds 
4 7 = 623. 51 233. 57 16. 04 873. 12 753. 50 —119, 62 414.9 
a 8 * 669. 93 221. 03 11. 66 902. 62 753. 50 | —149. 13 405.7 
) 636. 63 193. 41 15. 44 845. 48 753. 50 —91. 98 377.0 
COW 2—PERIOD 1—HAY 1 (DRIED IMMEDIATELY) 
1 689. 56 248. 96 9. 83 948. 35 800. 59 — 57. 76 340.6 
2 # . 661. 23 | 248. O1 10. 70 919, 04 890. 59 29. 35 333. 1 
3 614. 63 246. 74 7.82 | 869.19 890.59 | +21. 40 323. 5 
| | 
COW 2—PERIOD 2—HAY 2 (PARTLY SUN CURED) 
$ . 628. 21 243. 83 8. 49 880. 53 798. 43 82.10 317.8 
5 593, 57 247. 49 7. 63 | 848. 69 798. 43 50. 26 313.3 
611. 58 231. 43 9. 82 852. 83 798. 43 —54. 40 318.6 


COW 2—PERIOD 3--HAY 3 (SUN CURED) 











A 
5 7 637. 5: 231. 40 10.71 | 879. 64 301.6 
8 a . 583. 55 222. 90 18. 07 824. 52 294. 0 
sf) en 400. 78 149. 28 6. 65 556. 71 196.9 
i COW 3--PERIOD 1—HAY 1 (DRIED IMMEDIATELY) 
! 
I 635. 22 271. 46 | 10. 98 917. 66 895. 28 427.1 
4 phat 634. 68 249. 07 | 8. 55 892. 30 ROH, 28 428.6 
} c 660.05 | 266.67 } 11.79 938. 51 895, 28 435.1 
COW 3—PERIOD 2—HAY 2 (PARTLY SUN CURED) 
| 662.44] 230.28! 5.47] 907.19] 803.71 | —103.48 428. 5 
5 623. 66 204. 92 7. 59 926. 17 803. 71 —122. 46 430. 2 
f 553. 28 271. 31 7. 75 832. 34 803. 71 —28. 63 436. 2 
COW 3--PERIOD 3—HAY 3 (SUN CURED) 
7 601. 28 263. 70 5. 41 870. 39 753. 50 | —116. 89 | 420.9 
S 612. 06 265. 59 5. 89 883. 54 753. 50 | —130. 04 414.9 
i) és 582. 63 229. 05 7.35 | 819.03 753. 50 —65. 53 388. 1 


* Cow off feed. 


SUMMARY 


Second-cutting alfalfa hays, (1) dried immediately in an artificial 
drier (Koon); (2) partly dried in the field and then dried in the 
artificial drier, and (3) completely dried in the field, were studied for 
the availability of their dry matter, protein, and calcium. 

The availability of the dry matter, protein, and calcium was much 
alike in all three hays, as measured by metabolism experiments with 
heavy-milking cows. 

Apparently the high temperature of 480° to 535° C. for 40 seconds, 
to which the green legume plants were exposed in the immediate- 
drying process, did not reduce the availability of the nutrients 
studied. 
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